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AnJTRACT 


Li  the  event  of  a  nucl'*ar  attack,  the  presence  of  radioactive  fallout 
could  overshadow  the  norc  iinncdlntc  weapon  effects.  Because  o'  its  far- 
reachluii  and  lonc-llvcd  characteristics,  fallout  fre.-n  a  single  laegaton- 
range  dcttjr.atloii  could  nakc  thousands  of  square  miles  inaccessible  for 
extended  periods  of  tine,  f.ic  resultant  loss  of  the  use  of  affected  but 
unprotected  installations  together  with  personnel  will  be,  in  iBa.iy 

cases,  Bllltarily  unacceptable.  Thus,  a  means  is  needed  for  saving  those 
Important,  sianned  faciiitlci.  which  escape  the  damaging  effects  of  blast 
and  heat  but  are  caught  within  the  fallout  patter.'. 

A  tXidlfled  fom  of  protective  constriction  is  offei-cd  as  a  defense 
against  fallout  ar.J  its  offArts.  To  derive  the  greatest  protective  bene¬ 
fits,  this  concept  must  b-.-  included  as  on  Integral  part  of  a  radiological 
defense  system.  By  itself,  radlologicoily  protective  construction  Is  im¬ 
plemented  by  satlsf^’lng  one  or  noro  of  tne  following  objectives: 

1.  laprovlnc  the  inherent  shelter  effectiveness  of  straetures 

2.  Miniulzlng  the  deposition  erd  rctcntio.i  of  fall''iii 

3.  Facllltatirg  the  reno-'ol  fuliout. 

To  this  end,  a  namber  of  protective  principles  a-e  prcoontf^  w;i*ch  can  be 
either  incorporated  into  the  design  of  new  building?  or  applied  to  cxi-t- 
ing  buildings. 
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'.-01.  aPORTAKCR  07  RADIOI/iOlCAL  DEF3I3E  ATO  X>LZ  OF  FROTECtIVS 
COKSTH'JUTIOIJ .  T.ie  developrcnt  of  hlGh-)'i«ld  nuilear  weapons  and  the  capa¬ 
bility  to  deliver  tnea  mans  far  more  than  an  Increase  In  the  radius  of  de¬ 
struction  due  to  blast,  shock  -nd  heat.  An  axploalon  on  or  ntar  the  earth *c 
surface  creates  an  Insidious  antt-persoiusel  hazard  In  the  fora  of  "radio- 
artlve  contaislnant"  or  "far lout".  Over-exposure  to  the  persistent  radiation 
accoopanylng  fallout  can  cause  Incapacitating  lllnocs  and  death.  Bie  hazard 
■ay  continue  far  days  or  weeks  wltnln  a  fallout  area  many  times  greater  than 
the  zone  of  Innedlate  physical  dc."uge. 

In  the  absence  of  an  adequate  radiological  (fallout)  defense  system,  a 
well  executed  contaminating  attack  could.  In  addition  to  causir>g  numerous 
personnel  caauMlties,  deny  access  to  thousands  of  square  miles  and  pr’event 
the  reaai'rlng  of  Important  Installations  for  protracted  periods  of  time, 
thus  fallout  not  on^  poses  a  tldr=at  to  survival,  but  It  endauigars  unprotec¬ 
ted  iaciiitiea  that  smy  oe  vltai.  to  toe  nation’s  Siiitai.,  csr-atniity .  con¬ 
sequently  Boae  form  of  protectlva  construction  must  be  employed  as  a 
line  of  defense  In  an  effective  radloiogi<**i  defense  system. 

In  t-lltary  Lvirians  the  term  "protective  construction"  ueens  the  Incor¬ 
poration  of  blast  realstant-features  In  structures.  W.%  ir.‘t.-pretation  has 
been  Ihs  tss'c  approach  In  the  paou'  vc  ■’efense  against  rpicioar  attaih,  fo-unded 
on  the  oellef  that  blast  resistance  insures  protection  against  the  other  wea¬ 
pon  effects.  Unfort’unately,  such  sn  approach  does  not  take  Into  accounz  the 
full  Implications  of  contaminating  attacks  and  the  need  for  en  effective  ra- 
dlr logical  defense. 


First,  a  blast-real  stent  concept  In  protective  ccnstructiun  neglects 
tba  long-tera  aspects  of  the  fallout  hazard.  Although  occupants  of  a  streng- 
tbaoed  facility  survive  the  lanedlate  effects  of  a  nuclear  explosion,  they 
■ay  becoaa  virtually  laprlsoned  by  the  radioactive  fallout.  Zn  cases  of 
heavy  concentrations  of  fallout,  waiting  for  natural  decay  or  for  rescue 
could  issult  l-n  stay  periods  of  intolerable  duration.  Oblesa  protective 
eonatructlon  Includes  the  aeans  for  orutectlng  against  the  radiation  arJ 
Initiating  the  radiological  recovery  of  an  Installation,  resident  pers-^nncl 
cannot  resKvo  the  cause  of  tholr  lairlsonaent  and  effectively  rasuae  the 
basic  olsslon. 


Second,  the  blast-reslstwit  approach  falls  to  take  Into  secou-nt  the 
wignlt’ude  of  the  fallotrt  problem  with  respect  to  the  relative  sizes  of  the 
arocs  affected  by  the  separate  weapon  effects.  The  extent  ot  suen  effects 
due  to  a  1-aegatoc  S’zrface  detonation  arc  given  in  table  l-T.  The  entiles 


>  nUtOr.V 


Quantity 


teirox-  grtant  (ml.j 
Ita^ua  DounvliKl 

or  Huner 

1/2  Vldth 


Area  Affactod 
(■!.*)  Relat.va* 

(H) 


Virtual  deatnwtion 
of  Boat  buUdlnga 

Seve^t  to  Boderata 
damage  to  vood  cr 
li^xt  steal  frame 
buildings 

Moderate  to  sll£^t 
dariage  to  vortd  irr 
**"**^1  Trisaf 
buildings 

Slight  damage  to 
buUding  co»porer'+» 
(vlndows  broXan) 


nm  i  sd^^i  i 


rirea  and  2ua  degree  ^  eal/ca^  6 
skin  burns 


lat  degree  anin 
bursa 


3  eal/aa*  9»5 


!ttclear  Hadlatlon 

Initial  gacxna  and 
neutron  (fatal)  do«»e 

Fallout  dnua  to  2U 
hr.  after  veajxor. 
detonatlor. 

(r.  m  roentgens) 


700  rea. 


WOO  r. 
1000  r. 
500  r. 
100  r. 


O.k 

2.5 

28 

100 


Values  derlreu  rrosi  ratio  of  gross  area  to  2500>al.c  area  tneoatpassed 
by  100-r.  contour. 

*•  Tianamlsslon  cf  thermal  enerjy  la  highly  dependent  upon  atinoepherlc 
conditions.  Ibe  ranges  c'”""  bo  represent  aserage  values. 

**♦  See  subiectlon  d,  section  3"01. 


cieai-Jy  show  that  the  area  eantattlnnted  by  fallDut  1^  for  {footer  tiicT.  t.'-.4*t 
of  any  other  effect .  For  exataple,  \t  honors  after  burst  the  area  con¬ 
tained  vithin  a  tyi’.ioal  lOO-roentcen  dose  conto-ir  is  estimated  to  he  ?500 
square  alies.  By  comparison  the  appreciable  lama^o  due  to  blast  and  thensal 
effects  co'."er  little  acre  tlian  100  square  miles,  or  4.5  percent  of  the  sig¬ 
nificant  100-roentgen  fallout  pattern.  Severe  blast  damage  encompasses 
only  about  2  percent  of  this  caa-r  area  and  Ilea  within  the  region  of  very 
heavy  fallout. 

In  the  case  of  Mgh-yteld  explosions  the  fallout  hazard  Is  furtlier  in¬ 
creased  by  tbe  presence  of  an  extensive,  hl^  dose  ragion.  Althou^Ji  situ¬ 
ated  many  miles  from  ground  zero,  the  radiation  intensities  In  this  parti¬ 
cular  region  rl'/al  those  normally  expected  In  tbe  zone  of  laBedlate  damage. 
This,  together  with  the  above  compartsona  from  ttble  l-I,  aervee  to  Illus¬ 
trate  the  ic*&iltude  of  the  radiological  problem  relative  to  that  created 
by  blast  and  heat . 

FrcB  the  foregilng  it  Is  evident  that  fallout  protection  alone  could 
reduce  tbe  "gross"  effect  of  a  l-megaton  weapon  5^5  percent  and  therefore 
deserves  sirs'  consideration  in  p’-ctect.'ve  construction,  /vi-ittedly,  one 
cannot  predict  ti.e  degree  of  protection  required  at  a  specific  location 
prior  to  tn  attacX.  However;  from  a  consideration  of  the  relative  sizes 
of  the  affected  ares'*  Ir.'/olved,  adequate  prewiratls:.  at^-lnct  fallout  can 
allow  a  sifjilf leant  numoer  of  critical  installations  to  effect  a  sawiS."-:- 
tory  recovery  Because  fallout  protection  can  be  Impieaented  by  proper 
slanting  of  present  dey  construction.  It  la  ‘tnedlataly  snl  economically 
feasible. 

For  the  purposes  of  tl.Is  iiar-lccol  the  term  "prolec*' ive  construction’’ 
WILL  refer  only  to  tne  resiitan:e  or  structures  to  faiio.’t  a.nd  its  effects. 
Any  implication  of  re3l6ta’'ce  t.j  blast  and  heat,  which  is  ordi.'.a.'‘lly  asso¬ 
ciated  with  protective  construction,  will  be  the  exception  ruther  than  the 
rule.  Tills  is  ret  to  be  considered  a  lauiiboon  on  blost  or  thercai  pro¬ 
tection. 

1-02.  adva;;'IAG.-;s  of  jiAbi^u-rjcAL  PFoevr^TV''  aitnTRifoTiON.  ire 
r<’'ic.,pt  of  J  v»  -I'nutmi-t  Ion  offers  two  advantages  rot  generally' 

possible  with  other  rallol  iglcal  dtfenec  tjoas'ces.  First,  it  Is  fully 
carried  out  before  htta:;  '•ones,  roqalr1''g  "o.  fuither  effoj-t.  lleccni, 
resides  providing  direct  protection  'c  persons  In  buildings,  It  eonti'lbuter. 
tc  the  effectiveness  of  a  pist-attack  recovery  affor,.  Spec'ftcalJy,  a 
realistic  program  of  fa''  “c;  protection  for  structures  nay,  in  the  aven'c  of 
a  cc.-.tonlreting  attnc'.,  (prcotly  lessen  personnel  ca.'sualtleB  o.nd  I1.10S  of 
•critical  lr»f tails'. i'on-c 

c 

I.  l'.i. '.elding  pc.  sons  from  penetrating  (garm)  redlatlcni. 

?.  ra'*lHt/it‘. ng  tii-j  rid-leri.’c  of  fallo'ut  from  struct  »ral  axtcrlcrs. 

'}  ■  F-u-tlally  red'jclng  physical  Ifuuu'c  ♦i.*'.',ct'jrec  :i\l  thri.-  con- 
t.-iit.  res'tltl.ng  from  blast  n.Trt  th'rmal  effects. 

1.  This  Is  «n  arbltuary  value  •.sod  for  only  .m  exsiJir?,  aid  la  not  to  be 
cciiBlruBd  as  a  ilBiiing  rsiue  fo.-  hours. 
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..  gMggivwt.'Sj* 


II*  JUSkah!  ^ 


The  Becorid  contrltjutlon  waxld  Bjveed  ’■ecover/  operations  and  hasten  the 
eventual  resur.etlon  of  faollltles*  functlona.  In  addition,  a  abortcned: 
recover;-  period  means  leas  radiation  dosage  to  recovery  teaa>. 

1-03.  SC&i%  AKD  FUR?0SS  OF  HAKBBOCK.  The  handbook  is  intended  aa 
a  tool  for  engineers  and  architects  in  the  eelectlon  of  aatarlala,  asthoda 
of  construction,  and  maintenanca  procedures  in  the  design  and  upkeep  of  land 
based  facilities.  It  la  limited  primarily  to  radiological  defeiuje  consider¬ 
ations,  because  the  problem  of  ccntemiiietlon  by  fallout  overabadows  tbat  ere 
ated  by  the  bleat  and  thermal  effects  of  nuclear  explosions. 

Altbou^  the  ba.ndbooK  is  not  an  operational  guide,  recovery  procedure* 
are  included  to  balp  the  designer  or  engineer  vla-aalize  the  ret^ulred  utlll- 
tlea  ard  anticipate  problems  llktlj'  to  be  encountered  during  the  recevery 
pLaoe . 

The  handbook  Las  two  purposes: 

i..  ©3  present  Informatlca)  which  will  provide  a  basis  fhr:  (a)  select¬ 
ing  the  kir.l  of  rallologlcal  protection  re(iulred  and  (t)  tvaluating  tha 
effectiveness  of  selected  protective  measures. 

2.  To  provide  data  related  to  tha  actual  dasl^  and  coDStructlon  of 
protective  feat-ores . 

In  order  to  serve  these  purposes,  the  handbook  will: 

1.  Rreaent  principles  of  xn-otectlon  against  all  effects  for  both  per¬ 
sonnel  and  facilities,  along  with  avallabla  technical  data  ■ 

2.  a»w  tba  relation  of  tbs  i-adlologleal  baxard  of  nielsar  weapon 
datonatlons  to  tbs  other  effects. 

3.  I^rovida  relative  cost  and  effactlvenaaa  data  for  protective  aeaa- 
uree  tbrouj^  which  the  principles  are  to  be  applied. 

k,  01  v«  procedures  fer  rediologleeLl  recovery  along  with  aaeoeiated 
affectlvetMss  and  effort  date. 


SBCTIOK  II  -  RBLAXIVE  IMPORTAKCE  OF  NUCLEAR  fOCPLOSION  SFFHCTS 


!>^1.  CatERAL  EFFECTS  CF  NUCLEAR  BOICSIONS.  The  unleuhlng  of  «. 
vast  aaount  of  energy  In  •  v«r>-  small  space,  by  a  nuclear  detonation,  re- 
siU.ts  In  several  damage -producing  effects.  One  of  these,  blast,  is  caused 
by  the  violent  pressure  vave  which  travels  with  supersonic  speeds  at  early 
tines  and  then  continues  at  sonic  speeds  outward  over  the  target  area. 

Near  the  expl  sion  center,  air  blast  generally  causes  ]^ysical  damage  and 
paraonnel  in^lury  and  death,  oinllsr  dansge  is  created  by  ahock  waves  in 
ground  (or  water)  os  a  result  of  surface  or  subsurface  bursts. 

Another  effect  of  the  instantaneous  release  of  energy  is  the  radiation 
of  beat  and  light  from  the  fireball  produced  by  the  explosion.  Ihe  beat 
flash  la  capable  of  igniting  fine  tlnder-like  aaterlals,  charring  thicker 
ones,  and  severely  blistering  the  skin  of  exposed  personnel.  If  the  target 
is  a  densely  built-up  urban  industrial  area,  any  resulting  small  fires  can 
eventually  combine  into  a  gigantic  swat  fire.  Such  a  mass  fire,  in  the 
case  of  an  air  burst,  would  he  the  major  cause  of  damage  and  casualties. 

At  the  sane  tine  that  the  thermal  flash  is  occurring,  large  quantities 
of  nuclear  radiation  are  emitted  from  the  fireball,  consisting  of  gssmt 
rays  and  iieutrofis.  Biese,  called  ^initial"  nuclear  r-llttlona,  are  effec¬ 
tive  during  the  minute  or  less  that  the  fireball  Is  near  the  surfacw.  7n 
general,  initial  radiation  is  a  hazard  to  personnel  only  in  Urn  region 
wherr  severe  thermal  am  blast  effects  are  also  present.  However,  rome 
poople  who  ur«  sheltercvi  agaiiist  the  otheu*  effects  of  the  attack  may  still 
becone  casualties  from  Initial  radiation. 


tain  features  in  ceex^sn.  Tiicir  pattern  about  the  point  of  detonation  is 
circular,  and  their  power  dlmJnlsbeo  rapidly  with  distance  from  this  point. 
Also,  the  dur»»;lon  of  ttece  effects  is  extremely  short  for  all  weapon  yields 
Ibus,  without  prior  wai-nlng  there  i.8  little  or  no  time  for  exposed  personnel 
to  finl  protection  from  tliese  Inaediate  eff<ctu. 


While  the  isioediate  effects  occur,  the  Intensely  hot  fireball  rises 
rapidly  into  the  sky.  When  It  cools,  it  forms  the  mshroca  cloud  that  Is 
eharacrtcrlslic  of  a  nuclear  detonation.  This  cloud  contains  the  fission 
productr  of  the  detonation  ani  is  therefore  highly  isdioactlve.  If  mixed 
with  target  and  crater  material,  thes?  rodloactlvo  products  fall  back  to 
the  ground  net  crly  in  the  vicinity  of  tno  detonation,  but  alao  In  sizable 
areas  dovr.vlnd.  Tho  rcs'ultant  penetrating  radiations  can  canse  numerous 
casualties.  Under  tl,e6e  cordltlons,  radioactive  fallout  often  ccri  be  the 
most  sl^lf leant  personnel  hernri  resulting  f.-om  nuclear  attack. 

Ihe  radiological  c/ent  (traiisport  and  deposition  of  fallout)  and  its 
consequ.-ii.er,,  'juJ-ike  the  Immediate  effects,  arc  longthy  .Tid  their  duration 
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Is  not  easily  predlcttble .  At  a  given  location  it  nay  tak»  from  half  an 
hour  to  a  day  or  more  for  the  depositor,  of  fallout.  Because  the  desceuU- 
ing  fallout  is  subjected  to  tiie  varied  veleeltles  of  winds  aloft,  tie 
affected  a*-*®  is  neither  circular  nor  symnetrlcal  vlth  respect  to  the 
explosion  center  but  exter.ds  In  an  Irregular  pattern  downwind. 

2-02.  TfTBS  OF  flUCLSAR  EXPLOSIO®.  The  relative  la^ortanee  of  the 
various  effects  of  nuclear  attack  depends  aainly  upon  the  loe*tlun  of  the 
detonation  relative  to  the  earth's  surface.  Therefore  It  la  uonvenlent  to 
dlvlda  nuclecr  attacks  into  three  haaic  types:  air,  surface  and  subsurface, 
.tctxially  there  ic  no  sharp  lino  of  desaurcatlon  between  the  types  Of  attack. 
2^  air  burst  gradua].ly  takes  on  the  characteristics  of  a  surface  hurst  ea 
the  height  cf  burst  is  lowered. 

An  "air  btu’st"  is  a  detonatiwi  sufficiently  blffii  In  the  air  so  that 
the  fireball  never  cooes  In  contact  with  the  surface  of  the  ground.  For  a 
l-acgaton  detonation,  this  OKsna  that  the  bel^xt  of  burst  atst  b<.  at  least 
3000  feet.^  While  the  effects  of  an  air  burst  vary  with  the  halghl  of 
burst,  it  can  be  said,  in  general,  that  an  air  burst  aaxlBlsea  tbe  ranges 
of  thenaal  radiation  and  low-to-ooderate  blast  pres'^ures,  and  Mlntal set 
the  effects  of  cratering,  (p^und  shock  and  radioactive  fallout.  Sserefore, 
an  air  burst  is  best  sultel  for  use  againnt  lightly  eorstructad  targat 
alenients  or  densely  built-up  regions  vulnerable  to  aas*  fi*«8. 

A  "surface  burst"  is  a  detonation  at  or  near  the  aartb’a  surface  ao 
thnt  t.br  flrcbsU  contact?  tbs  surfscc.  /gitis  ths  efissts  vary  with  the 
exact  hei:^*  of  b'jrat.  In  general,  tbe  surface  burst  aaxlsises  tbe  range 
of  high  blast  jeessures  and  initial  nuclear  i'odlatton  aid  piodueea  r*llo- 
actlve  fallout.  The  range  of  tl/.^aal  radiation  dasag<*  la  rcducad  becauaa 
of  beat  loss  .0  sue  groutu  ana  obscuration  of  the  fireball.  The  aurfaee 
burst  also  causes  laportant  cratering  and  ground  or  water  abock  affects. 
Su~faoe  bursts  can  to  very  effective  against  Tiarl"  target  alaaants  auch 
as  piers  and  docks,  s^rahalling  yards,  runways,  and  shops.  Iba  atteedant 
fallout  radiation  can  Ineapacl^eta  or  kill  parsonral  and  porevent  uea  of 
fheilities  over  a  large  area. 

A  "subsurface  burst"  is  a  detonation  occurring  below  Jm  surface . 
Subsurface  bursts  are  sooetlass  v'lasslfied  as  under^ound  and  underwater 
bursts.  Most  harbors  are  so  shallcv  that  a  burst  on  tha  bottoa  of  a  harbor 
will  be  sinilar  to  a  land  surface  buret.  Tha  subsurface  burst  aaxisdtes 
cratering,  ground  or  water  snock.  and  fallout  areas  of  very  high  doee  rate 
near  tha  point  of  detonation,  vnile  silnijarxlng  thersai  affects  and  air  blast. 
It  may  be  B»st  effective  Ir  bTcwMng  routes  of  conmunl cation  and  in  destroy¬ 
ing  undergrcu.'vi  Installations . 

Both  surface  a.nd  subsurface  bursts  result  in  tbe  contasdnatlon  of  large 
(ureas  with  significant  sraounts  of  radioactive  fallout.  Vxse  typos  are 
called  eontfisinatlng  nuclear  attacks  and  are  the  major  concern  of  this  ha-ni- 
bcok . 


SiJCTICH  III  -  DtXRIPTIOJJ  OF  inXILEAR  WSAPON  KFFiiETo 


A  great  ical  of  the  Inforrcatlo/s  presented  in  this  cljnpter  was  extracted 
froa  reference  1,  "The  Kffecta  of  Huclcar  Weapons".  In  this  reference  the 
reader  will  find  a  rather  detailed  and  technical  description  of  nuclear 
weapon  effects. 

3-OJ.  MUCLEAR  rjiDIATlOIl.  Tne  distinguishing  feature  of  a  nuclear 
detonation  Is  the  fact  that  It  is  aocoaponled  by  the  eiiisslon  of  nuclear 
radiation.  Ihci.e  radiations,  as  distinct  frCB  thermal,  consist  of  gantna 
rays,  neutrons,  and  alpha  and  oeta  particles.  Essentially  all  the  neutrons 
arid  aoBU  of  the  gasaa  rays  are  •emitted  in  the  actual  fission  process  (dur¬ 
ing  thr  nuclear  explosion).  Suae  of  the  neutrons  are  Isrtedlately  absorbed 
by  non-flsslonable  nuclei,  a.nd  thlu  capture  pi'ocess  Is  usuailv  accoraponled 
b}*  the  Instantaneous  emission  of  gasxaa  rays.  Die  reminder  of  the  gasasa 
rays  and  the  beta  particles  are  liberated  while  the  fission  pi'oduets  under¬ 
go  radioactive  decay.  Soiae  of  the  alpha  particles  result  from  tlic  decay 
of  uranium  or  plutonium  that  has  not  been  consumed  in  the  fission  prscess, 
while  others  are  formed  In  hydrogen  fusion  reactions. 

a.  Definitions,  Sourcis  and  Properties  of  ??aclear  h-llatlonc. 

In  considering  a  nuclear  explOBlo»»,  either  In  air  or  near  tne  nurfsce,  It 
Is  convenient  to  divide  tJ>e  resuliajit  radiations  Inti,  -wc  ?atri<o;'les,  Ini¬ 
tial  and  fallout.  Tl-.e  distinction  la  based  on  the  various  radiation  i.ouri'es 
produeel  by  the  exploclor.,  as  shown  in  table  3'I>  Briefly,  the  Initial 
rftllatlon^  is  that  which  accompanies  the  Instantaneous  flss' on, 'fusion  pro- 
eata,  and  this  radiation  terminates  with  the  explosion.  The  fallout  radi¬ 
ation  is  of  long  duration  since  it  is  emitted  by  flsslon/fusiot  products. 
Altbou^  these  radioactive  particles  exist  in  the  rapidly  rising  cloud, 
their  eventuei  dnnriM-t  nnx  result  in  the  follsut  hct-iri.  Tor 

relatively  ahSLllov  subsurface  explojiona  tba  initial  radiation  loses  aucta 
of  its  importance,  since  a  large  portion  of  it  Is  absorbed  by  the  ground, 
fhr  deeper  detonations  the  initial  raliatlons  become  negligible.-  end  only 
the  fallout  radiation  need  bs  oonridared. 

Shble  3*11  luentifles,  by  baste  composition  end  sl.^clficant  properties, 
the  four  types  of  radiation  accompanying  a  nuclear  detonation.  Ihe  table 
sVnrs  that,  because  of  their  low  per.etrating  power,  alpha  and  beta  particles 
do  not  represent  a  source  of  radiation  In.iury  tc  properly  clothed  aM  equip¬ 
ped  peraonn-l  2  njcreforc  the  more  harmful  radiations  are  the  neutrons  and 

1.  ^oae  pubilcatione  class  as  Initial  all  those  nuclear  radiations  occur¬ 
ring  within  an  arbitrary  time  of  one  minute  after  burst. 

2.  Tallmt  materials  which  emit  alpha  and  beta  particles  may  create  con¬ 
tact  and  inhalation  hazards.  Adequate  protection  rsay  be  achieved  by 
rasplrators  or  face  assko  together  with  suitable  clothing,  these  sc. ve 
to  prevent  Ingestion  and  iilnlmire  exposed  skin  area,  when  personnel  work 
Jn  dusty,  contoalnated  regions.  I\u:ther  dlscusulon  of  t.bi-  problem  la 
beyond  the  scope  of  the  handbook. 
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Tkble  3-1  •  Occurrence  of  Reutrooe  end  ntutrm  gays 
According  to  Rsdietlon  Sources 


Inltlel  Radletion  »aUcwt  Hedletlon* 

(Occurs  airing  Hucleer  Explosion)  (Occurs  After  Lr,  'osien) 


Includes  Inltlel  gssne  reyt 
produced  by: 

1.  fl-ssloo  process. 

2.  mutron  reectlons. 

3.  ercltetioc  of  air  eM  bo^ 
acterlele. 


100  percent  of  fallout  pmm.  raye 
•re  ealtted  by  iwepon  eal  target 
debrle: 

1.  Balnly  fission  products 
(approx.  200  Isotopes). 

2.  aooa  unflsslooad  uranluB 
and  plntonluh. 

3«  Induced  aotlvlty  la  bosib 
atructure  sol  tar^ 
aatarlala. 


lewti  one 

Iractlcally  all  neutrons  apiMar  |o  aeutrona  are  preaeiilt  taring 

^  bhe  first  BllliviiUi  of  e  be>n  eoe:plately  ui.tb 

aecoad  In  tbe  foUoving  proper-  Initial  radlat  lona. 

tlons : 

1.  orer  99  percent  of  fleslco 
neutrons,  and 

2.  100  percent  sf  ftslsi; 
neutrons. 


^Associated  eltb  surface  and  aubeurfaee  explosions  only.  ■ 

gaaaa  rays.  Returning  to  tsbla  3-X  It  is  obrlous  t:-.At,  exnspt  fbr  tba  first 
Inetent  during  tte  explosion,  ssssntially  all  tbs  radiations  consist  of 
ganwi  rsys,  fToa  tbs  deesy  of  fission  products.  It  Is  with  r»>is  fora  of 
rsdietlon  that  tba  handbook  Is  priaarlly  concerned,  particularly  tboaa  ge— e 
rays  idilcb  eaanate  froo  tbe  redloaetire  fallout  naterlal. 

i'  ^Ite  of  Radiation  Weayga.  Tbe  dose  accoapanylng  sxpoaura 
^  expressed  wItE  a  suitable  unit  of  acaarasat. 

The  roentgen”  noraally  la  used  since  dosage  so  expressed  is  presuasd  to  be 
rtlatable  to  the  anticipated  biological  effect  (or  Injury). 

I*  l^nerelly  believed  that  nuclear  radiations  lura  living  oreenlssa 
tbrou^  cbeslcal  decoegtosltlon  of  tbs  aolaculss  prssent  In  anlasl  or  rege- 
cells,  ftndamentally ,  tbe  Ionisation  and  excitation  caused  by  nuclear 
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Ibbl*  |>tl«  te^alttr  aiid  frowrtiM  of  ltiei*«r  taiiaKloM 


^^ryt  *f  In  tlJ  of  |»r»o»^i 

S0VOO  md  C«L^lt*ri  fSl^  Nfiotrstioo  Uu-i 


aijii  (a)  tattiwt/  ifcovyiA  y«rt<cU 
mitud  tfm  mmUi  mt 
^rf  ti  Ml 

MMUtO  9t  »  prolaM  Ml  I 

mdtrcms.  to  • 

tallM  MllMt. 


teMT*!  1  to  ) 

JMM.  IM*M. 


1M»  otofyol 
ty  Mt  Mlji. 


&>t«rKa  Mtml- 
agtloQ  dm  to 
UfMtlM. 


itta  (0)  l^ivoljr  «iM«i«  yMtiote 
•HttoA  fTM  mmlMi  «r  «fcoM 

MMftOtJIt  aMt  flMlM  fTM* 
■MU.  SlMllMi  U  tl^ 
Mm4  tlottfga. 


■Mft,  otovyol 
ty  mdimmy 
aUUUf* 


toM  U  MCIK.  iplat 

•ftia  IwTM  |jo  to 
ItolflagM  maUkci 
90  MfWlU  00 
9kiM, 


(f)  0^0  Morv  OlOOtTMO^WtlO 

rtilttw  oHytMiLM  U 
Mcl«i  of  nAlctotloo  oloo 
—  lit*  aol  1a  — txO—  fOMtln— . 
SiMtlool  V>  oMrflr  l-royo^ 


aW  loriTrTlo^  SMni^— toe*.  mraTal  loolutm 

lIlM.  af  Not.  u«  ojr  tou— of  of  tloo—  o*!*  t'y 

Moo#  ooMU  ooton—I  raf'ottoo 
or  Vy  a  No  oom  M  IohI  imc*- 
Not  of  iJMfOtO 
Ml/M  OMM. 


iMUroo  fa)  tlootrloaUir  aoolral  yortiolo 
Mlttol  Nrtng  fltiloa  oM 
Noloa  roaotl— .  A  t—to 
OMf— oot  Of  all  MooAo 


A  No 
■iUo. 


Boitroao  N17  otiooc*  Ah—  or  atooo. 

all  ayMt  ooooroua  tf 

gtim  %**  o^tof*:  f<»t  of 

NllMt  OMcroto  oM/or 


U 


_ , _ _ _ ♦«»«.« 

>  Ut«Mrt/«  IMiilg  law  av«:a.%«M  ralaiiaa  aiffwaaca  La  a>af<<  at- 
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n'l'ir'l  ll  lilli'avii 


l!*bX«  3-IIZ.  Acuta  Kffecta  a  Uhola-Body  QoaeJt  Sxpoaur* 


Doee  Kecelved 
in  <  a  Wntsk 

Effect 

O-IJO  r 

Mo  acute  effects  •  aerlous  locg-tera  aftacts. 

150-250  r 

lausea  and  voodtlng  vlthin  2b  hours;  nlnlnaT 
Inecpacitatlon  after  2  days. 

250-350  r 

Ssussa  and  voalting  vlthin  k  boors.  ayi^on-Free 
period  b8  hours  to  2  veeks.  8om  deaths  any  occur 

In  2  to  b  weeks. 

350-600  r 

Isusea  and  rocitlng  under  2  boura .  Death  eartaln 
in  2  to  b  veeks.  Incapacitation  prolonged  in 
poeslble  surrlvora. 

>  600  r 

Baucee  and  vcBltliig  alssMt  laaedlate^.  Death  In 

1  vaak. 

and  dlrtance  Trom  tbo  point  ot  d«tcnatl<».  for  these  redlat'.one  It  is  co<i« 
venlent  to  deal  vlth  the  ec^lsed  neirtron  and  gsasaa  ray  efftiits.  Mot  only 
do  they  hctb  extend  mrt  r  apprcxlsately  the  seat  tlae  lat«rTnl,  hut  tbs  In- 
Juxlos  they  cause  in  husan  beings  are  stallar. 

Figure  shove  the  snlft  in  tbe  relatirs  eoutr^butlca  of  neutron 
and  gwmm  radiations  vlth  changes  in  weapon  yield,  for  blologleal  doses  of 
600  and  200  roentgena-e^ulvalent-sam.^  It  la  evident  ftoa  those  eurree  that 
for  high  doses  and  lov  snergy  ylslds,  nsutrona  aafca  a  largsr  contribution 
than  do  gaaiaa  rays.  Vhen  dotes  are  scderste  and  •nvrgf  yields  high,  tbs 
reverse  Is  true. 

In  gerieral,  tbs  ne-.'.tron  dose  vlU  exceed  that  of  tha  gaimaa  radiation 
near  tbe  explosion  center.  Kovever,  vlth  Increasing  distance  the  neutron 
nose  decreases  fr'^ter,  such  that  beyon!  a  certain  point  tbe  gesna  radiation 
predoalnstes .  Ultlxately,  tbe  neutron  contrioutir*.  to  tne  total  Initial 
doaa  becccMs  cooptratlvely  Inslgniflcaot. 


Bie  net  result  of  the  foregoing  relatlonshlpc  betveen  total  Initial 
radiation  doee,  yield  and  distance  Is  presented  in  figure  2“9<  frcas  the 

1.  P.efererice  1  In  bJollo^^rephy . 

2.  BiC  biological  dose  In  reas  (roentgen-etpilvmletrt-nan)  lue  to  g^ama  ray# 
Is  nmrerlcally  s^-ial  to  the  absorbed  dose  In  rads  and  Is  spjraxliBitely 

e<p,ial  to  the  erpof-ur.^  losa  ir.  rociitgcr.s. 

3.  Reference  4  in  blbliogrsjihy. 
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rp^Tn.tjTON  o»  snj’»j«i5  ■••tncmt. 
too  »o  »n  *J  i~  D 


Figure  3*1*  Relative  Contribution  of  Reutron  and  (><"»!» 
Radiation  to  '^tal  Blologlsal  uuse. 


curvM  and  the  indicated  range  of  ieUiil  effecta.  It  la  apparent  that  soeau 
d«*«the  are  ponslble  at  dletancsc  wf  1-1/2  to  2-1/2  *1108  for  eeapcac  of 
■ultl-raegaton  yield.  However,  It  will  be  not-4  later  (in  section  3-O3) 
that  for  surface  detonations  tlie  r tings  cf  sevare  blast  daaage  will  etjual 
or  ersn  exceed  tbe  range  of  lethal  dosage.  Thus,  tbs  effects  of  serlwui 
Initial  radlatlcns  becoae  secondary  In  the  face  of  the  aJvcst  cuoplete 
destruction  caused  by  tbe  explosive  farces  •  especially  where  high  yields 
are  anticipated. 
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roil'^ng  a  aurfaca  or  aubaurface  burst,  a  aerloua  continuing  i-adla- 
tlon  hazard  exluts  in  tba  fora  of  gtuana  rays  from  tba  riecey  of  fission 
products,  etc.  Aa  noted  In  table  3-1  theao  radlattc-rt  hav;  tuelr  source 
In  the  radlcactlvely  contaaiinated  weapon  debris  conprlsed  of  boisb  ccaspon* 
ants  and  target  Material.  This  debris  la  deposited  as  loral^  or  "close  in" 
fallout  over  an  extanslve  area  sdkose  major  portion  is  Iccatad  downwind  from 
tba  axploalon  centar.  A  number  of  hou;.*3  any'  el&psa  befsra  ccs^lstlon  of 
the  fallout  event.  The  length  of  thla  fallout  interval  as  well  as  the 
extent  and  shape  of  the  fallout  pattern  vlU  depend  upon  weapon  yield,  alti¬ 
tude  of  debris  prior  to  Ita  descent,*  debris  particle  size  .and  wind  velocities. 

Flfure  3-3  represents  a  fallout  pattern  In  which  the  contours  indicate 
the  dosaa  aceumilated  by  24  bodrs  after  a  one-ategaten  surface  detonation. 

Aa  expected,  the  contotirs  indicate  the  fallout  dose  to  be  greatest  near 
ground  zero  (the  point  directly  above  (or  below  )th8  expioelon  center), 
lovevttr,  oo.-,trary  to  the  idealized  falloul  patterns  still  In  use,  the  con¬ 
tours  of  figure  3*3  exhibit  a  separate  and  critical  dose  area  of  ecnalder- 
able  dlaenslon  located  tocse  distance  downwind.  The  seconlary  3CC-roentgen 
doae  contour  defines  this  ares  (frequently  called  the  downwind  peek),  in 
wbl^  It  la  possible  to  receive  an  Injiirluus  or  even  IctFaFIosage . 


The  contours  In  figure  3.3  ebould  not  be  construed  as  being  xiaitlcg 
In  either  extent  or  dsgrea .  Arlditlonal  cortours  lor  still  esclle;  doses 
■ay  he  plotted  be/oni  the  lO-ro^ntgen  cintour,  thus  eril«rg--g  the  fellmt 
pattai-n.  for  times  greater  than  24  hours  after  bursw  these  sane  contours 
would  have  still  larger  dosage  values,  because  of  the  =c>'.i:r.uing  radio¬ 
active  decay  process.  Aven  thoug^i  the  radiation  rate  'Voa  toe  deposited 
fallout  steadily  uleiuisutis  vlLh  tlaiB,  itw  mtAVvlm  mji-ti  wlulbl**,  uaujtui^ 
a  gradual  Increase  In  the  accrued  exposure  dosege  over  a  xerlol  of  ma.iy 
■oothi. 

from  the  fjregclng,  it  Is  obvious  that  falloj*.  presents  a  sl-nilflcant 
hazard  to  expoce^  personnel  over  long  periods  01'  bLus  a/«l  at  great  dlstan- 
cea  froa  the  explosion,  i.e.,  vU  be/oul  the  region  of  isBediat*  danger 
(the  regloo  enconpasslng  blast,  shock,  thermal  and  Initial  radiation  ef- 
f9et$).  for  thla  reason  the  ma  Vr  portion  of  ths  handbook  will  deal  with 
tba  slanting  of  construction  to  provide  protection  against  fallout  effects. 

e.  fail<xtt  Characteristics.  To  gain  a  better  undarstandlng  of 
the  prOblena  create!  ty  fall«jt,  tbls  section  discusses  fallout  fonaat'.w., 
distribution,  eoEposltlon,  and  Its  chemloal,  physical  ud  rrUoactlve  pro¬ 
perties. 

1.  the  terms  "local"  and  "close  In"  refer  loosely  to  fallout  deposited 
within  hundreds  of  miles  of  the  erpioeicn  a-i  differentiated  ft-oa  "long 
range"  fallout  which  travel  a  t.hounanda  of  alias  or  "world-wile"  iallout 
which  aay  clrcunrvent  tbs  globe. 


-T  "  f 
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In  n  land  )>urfaee  burst,  large  aauuDts  of  earth,  dust,  and  debris  are 
taken  up  into  the  fireball  In  Its  early  stages.  Here  they  are  fused  or 
are  vaporized  and  becooe  intlaaiely  nix.d  with  the  fission  products  and 
other  bcBb  residues.  As  a  result,  a  trecendous  nuaber  of  saall  particles 
are  coni'  ainated  with  the  radioactive  products  of  the  explosion. 

The  larger  particles  (those  greater  than  750  alcrons  in  diaweter), 
which  include  anterial  thrown  oi<t  of  the  crater,  are  probably  not  carried  up 
all  the  way  into  the  ausbrooa  cloud,  but  descend  frca  sten  altitudes.  Sons 
of  thin  material  falls  in  a  roughly  circular  pattern  around  ground  zero,  and 
the  reoalnder  falls  downwind  fron  g^jurd  zero.  Kost  of  these  particles  descent 
idthin  an  hour  or  so  after  burst. 

The  aaaller  particles  (those  between  73  and  750  nicrons  in  dlaceter) 
preaeut  in  the  colusa  are  lifted  upward  to  a  height  of  aeveral  sllea  and 
carried  out  scae  distance  by  the  nushrooa  cloud  before  they  begin  to  descend. 
The  tine  taken  to  reac'.  the  earth  and  the  horizontal  distance  traveled  will 
depend  upon  the  height  reached  before  their  descent,  the  size  of  the  particles, 
and  the  wind  pattern  in  the  upper  ataosphere.  Many  hours  nay  elapse  before 
the  bulk  of  the  Isrger  psrtlclea(ia  this  size  range)  resehes  tha  earth.  Thla 
nuterlal  coapr«aes  the  local  end,  hence,  ailitarlly  sifrlflcant  fallout 
region  genersllv  al tuated  downwind  fron  the  explosion  and  covering  thousands 
of  square  nllcu. 

The  saallest  particles,  like  those  fomed  la  an  air  bu:at,  fall  so 
slowly  fros  the  stratosphere  altitudes  that  they  remsir.  auapeaded  for  long 
periods  ana  travel  thousenda  of  sales  before  descending  to  earth  as  "long 
rang"  fallout.  A  certain  fraction  of  these  fine  particles  are  essentially 
stored  in  the  stretoephere  and  aJ  ^t  down  grsduelly  for  yesrt  sa  "wcrld- 

fattm'ei  The  ♦•a.adt.ta  a  etgelftreera  nf  the  woHd-wlde  fell  — 

out  is  unlnportant,  hence  it  will  not  be  further  dlscuesed  ia  this  handbook. 

ketuming  to  the  local  fallout  problen,  grors  fallout  aaterial  eon« 
sists  of  soil  whose  principal  source  is  pu.«erir.eJ  target  and  crater  nateri- 
als.  Thus  the  envlronrent  of  the  «xplosion  wliJ,  or  all  prectlcal  pur- 
pcsen,  determine  the  eaount  of  fallout  asteriai  aa  well  as  the  slsa  end 
fora  of  the  individual  particles. 

Table  3-IV  indiestee  that  the  detmetion  vnvironaent  has  a  aarked 
effect  03  etill  ether  inporiant  fallout  character  etiea.  Thus  far,  all 
discussion  has  referred  to  fallout  particles  originating  with  nuclear 
explosions  on  land.  However,  it  is  puseible  to  generate  two  other  basic 
types  of  fallout.  Detonations  in  deep  water  aay  res^ilt  in  a  eontaainant 
whose  basic  constituent  is  sea  salt.  In  huald  cliaates  this  aaee  aaterial 
nay  arrive  ia  solution  as  •  f;ne  aist,  which  te  classified  as  wet  fallout. 

A  srisliow  water  burst,  so  in  a  harber,  nay  crvtte  a  type  of  fallout  waich 
would  be  nearly  dry  by  the  time  of  lepoeitioJ. 
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Because  of  the  ctrcno  attraction  between  ridioac live  icna  anl  nurfa^es 
by  vtrt'aa  of  ehertcal  reaction,  absorption  end  adsorption  processes,  or 
mecaanJeal  tslhesl-jn,  wet  lalj-out  1j  oore  difficult  to  deccmt»K:lr;ntc  than 
cither  of  the  other  two  types.  Fortunately,  the  aore  readily  reaovable 
dry  contaT.tnant  Is  the  nost  likely  fora  to  be  encountered  by  most  land- 
bai:ed  Jr;e*'al''Jitlons.  Wet  contaalnani.  ia  a  special  problem  to  surface 
aiilpa  and  shore  hsaes  but  wlul  not  be  further  treated  In  tKla  handbook. 

The  pol;.»  was  Bade  earlier  that  the  fallout  expoaure  dose  continues 
tc  build  up  Indefinitely  even  thou^  the  dose  rate  decreases  wl.th  the 
radioactive  decay  of  the  fission  products  la  the  fallout.  Flgtire  3-** 
glv9i  a  aoiaewhat  Idealised  curve  depicting  the  gro'vth  and  decline  In  the 
fallout  dose  rate  at  a  given  position  downwind  freo  gtound  sero.  In  this 
particular  Instance,  tl-.»  fallout  la  shewn  to  arrive  at  about  5  uours,  and 
the  dose  rate  to  reach  a  peak  10  hours  after  burst.  Because  the  radiation 
Intensity  Is  proportional  to  the  aawunt  cf  vudloaetlve  aaterlal  present, 
the  dose  rate  Irxreases  as  the  fallout  builds  up.  Upon  ternlnatlon  of 
falloui  (after  10  hours)  the  doccj'  process  alone  la  evident  a.nd  the  dose 
rate  procptly  starts  to  dlalnlah. 

Bia  total  dose  accraed  ai,  any  given  tlae  is  c<jLial  to  the  area  under 
the  dose  rate  curve  extending  fron  the  start  of  fallout  to  the  tlae  of 
Interest.  Thus,  the  fallout  dose  will  always  be  an  liwrepc<ng  function 
of  tlae  mJt  shown  by  the  second  curve  In  figire  rising  steeply  iiuir.g 
fallout  and  gralually  lovallag  off  after  fallout.  It  booores  asymptotic 
to  the  horltor.tal  line  labeled  t  -  «»  ,  which  fer  this  pui  tinulnr  graph  has 
a  value  of  about  35  roentgens.  This  Halting  value  Is  cailud  the  "Infinity 
dose*,  which,  for  all  practical  purposes,  is  reached  in  cboui  1-1/2  to  2 
years  ftoa  tlae  of  burst. 

It  Is  aost  dlfflc;.vlt  to  predict  the  shape  cf  the  dose  rate  curve  dur¬ 
ing  the  ttas  of  fallout,  even  if  the  Irreeularltles  usually  caused  by 
weather  changes  are  ignored.  However,  res'tlts  from  weapons'  tests  have 
shown,  that  after  fallout  cessation,  portions  of  tne  actual  doee  rate 
curve  can  be  very  neerly  approxiaated  by  atralghi.  on  a  logarlthalc 

plot  such  as  figure  3-*'*  such  instances  It  is  possible  to  nake  rough 

estlaales  of  doee  rates  at  later  tioes.  13>e  accurulated  dosage  ma;;.-  ti-»n 
be  obtained  by  suasalng  the  area  under  the  dose  rate  curve  (either  by 
analytical  or  graphical  Intecratlon). 

In  the  foregoing  discuss  ton  or  dose,  the  gastsa  ra/^,  because  of  their 
long  range  and  hl^  pene  -etlng  power,  are  much  B»ore  eigntflcant  thwi  bate 
particles,  provided  the  radioactive  saatorlal  doee  not  make  contact  with 
the  skin  or  enter  the  body.  Consequently,  the  beta  radiation  can  be  neg¬ 
lected  In  estimating  the  variatlv;j  with  time  of  the  dose  rate  fron  the 
fallout  radiation.  If  the  fraction  of  fission  product  dlBlrttegratlons 
accoi^nled  by  ®w*ia  ray  emission  and  the  enrrpy  of  the  gsawa  ray  phototis 
renolnei  essentially  constai-it  with  tine,  the  done  rote  (in  roentgena  per 


3*^*  Ralctlooahlp  of  Ooao  RaU  to  JJm*  tilth 

Itotpact  to  tlM. 
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Vlffsr*  B"?*  Variation  of  Overpresaure  Along  an  Arbitrary 
Tlaa  Ocala  •  at  a  Vlxad  Dlstanca  From  Ground  Zero. 
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hex-)  VG'Xj.i  cc  Jlicotly  related  to  the  rate  of  emission  of  gasasa  rays. 

This  Is  n.i.  th-*  case,  since  the  game  rays  in  the  early  stages  of  fissio.-’ 
nrolu-t  dooey  havr;,  on  the  average,  hi^.er  energies  theri  in  the  later  sta¬ 
ges.  However,  for  the  perlo’x  of  jpractical  iiii.erect  coBunenclng  a  few 
hourt  sfter  the  ex;  !  ,olon,  the  mean  energy  of  the  gaaiaa  ray  photons  Siay  he 
tal'.en  as  heing  abou'‘  0.7  million  electron  volts  throu^  the  first  day  ar*! 
between  0.6  and  O.j  nllllon  electron  volts  tlcreafter  throufli  the  first 
year  A 

3-02.  AIR  ELAiJT  ATtD  GRCIE®  SHOCK.  One  of  the  major  causes  of 
plyslcal  damage  accompanying  a  .nuclear  event  is  the  tremendous  force  exer¬ 
ted  by  the  blast  wave  In  air.  'fliis  force  or  blast  effect  Is  generally 
siulled  In  terms  of  changes  noted  in  air  pressure.  For  Instance  a  sudden 
increase  of  about  l/2  pourwl  per  square  inch  in  the  atix>sp!:crle  pressure 
would  probably  cause  sccjI  bloat  dameige  to  nearly  all  eonventioaal  struc¬ 
tures.  'Kie  distance  to  vbicb  such  as  over-pressure  extends  will  depend, 
to  a  large  degree,  upon  weapon  yield  and  burst  height.  Before  reviewing 
its  effects,  however,  it  is  necessary  to  discuss  the  propagation  and  beha¬ 
vior  of  such  a  pressure  wave. 

a.  Characteristics  of  the  Blast  Wave.  As  mentioned  in  section 
?,  the  rapTd  expcnslon  of  ince.’.sely  hot  gases  In  the  fireball  causes  an 
air  expansion  which  results  in  the  formation  of  a  bl_:t  wave  that  suves 
rmilally  outward  with  sjyjeds  generally  greater  than  that  of  souni. 
wave's  outstanding  characteristic  is  that  the  pressure  is  nlftoest  at  the 
laovlng  front  and  fulls  off  behind  the  f^ont.  As  the  bln*t  wove  travels 
tlir.-u^.  the  sir  the  oii-crpress'ure  at  the  front  gradually  lessens,  m  does 
the  pressure  behind  it. 

the  variation  of  nrewsure  with  time,  ««  »t  mnmm  fi*»i  Ices 

tlon  (far  enough  teom  ground  sero  that  a  negative  phase  has  developed) 
during  the  first  few  seconds  follo-wl.-.g  a  detonation,  la  shown  In  figure 
3-5.2  Sunoral  1  is  the  tine  of  explosion.  The  pressure  at  a  particular 
location  remains  ambient  until  the  shock  front  arrives,  at  point  2.  nils 
arrival  Is  accompanied  by  a  strong  (transient)  wlr.5  wntch,  together  with 
tbi  overTsressure,  decreases  rapidly  with  time.  Ihe  overpressure  coincides 
with  'uita..3nt  at  poii.t  3.  Zue  l.nter’/al  from  2  to  3  represents  the  pc«ltlve 
phase,  which  for  a  l-megaton  burst  lasts  from  two  to  four  seconds.  Mont 
of  tj.v  oler-t  destruction  ocrirs  luring  this  phase.  Ihe  prensure  continues 
to  drop  below  that  of  the  lx-:  a'.eocpiierc,  r.-juting  U  i 

(cr  5-uctIon)  pt.aoe  loJl-uted  by  tlaa  interval  from  3  5»  During 

this  phase  the  wtr-l  ebanres  direction  oisl  blows  toward  ©round  tero.  Since 
the  'mxlmm  negntl-.-e  preesur?  Is  alwa^'s  smeller  than  the  peak  overpressure 
at  tno  .-ihock  fr-i.V.,  any  data.te  produced  by  the  negative  phase  Is  generally 
B.r.or.  'Jr.an  the  negative  phace  pacncs,  t)»i  prcccure  a, -min  returns  to  am¬ 
bient  at  po-'nt  5  and  stab.llu-,-s . 


.d-'l'ert.'-.-c  i  in  bIblJ  oryenhy  . 
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iU.tho<u^  the  der.tructive  efi'cctn  ol‘  the  cU'ot  wave  imve  ur:’ia.lli’  hee-. 
related  to  -.iLLues  o"  tho  i/jtk  r>virpreciui-i,  o  •  <1  1-  eq- ally 

Irtporta'it,  tho  "l:/n!UBlc  pi-e'scurr'."  Tho  dynoinl.  y.rc'-.iiu-e  i-  a  ■  :' 

the  wind  velocity  and  the  lcn:>it.y  of  the  air  bohirvl  the  chock  t'rj-.'t.  It 
is  nouaily  snaller  than  tlie  overpreisuro,  although  for  very  strong  the 

dynaair  pressure  is  r/ ’at''r.  Lire  thf  peax  sh^w;.  ov- ■  pi  essu.-e,  .he  peax 
dynacic  presru“e  decre  ses  with  incr**i*i>if;r'  tiistwiice  i  ro.Ti  the 
ctntar,  although  at  a  different  rate. 

Sene  indication  of  the  corresponding  Vwlacs  Oi  peak  ».ve;-prec8'”‘e. 
peak  dyncnlc  prescirs,  ard  EsiccisTua  blast  wind  velocities  in  air  at  jea 
level  are  clven  in  table  3-V.'^  It  should  be  understood  that  the  arrival, 
duration,  and  pacslng  of  the  shock  front  occurs  wi.thln  recends.  Further- 
aore,  the  tle»es  are  a  function  of  weapon  yield  md  distance  1  "or.  the  explo¬ 
sion  center. 

Table  3-V.  Cvcrpress’ire,  Dynanlc  Pressure,  and  Wind  Velocity  Jit 

Air  at  Sea  Level 


ftak  Overpressure 
(P«l) 

Peak  Pynoolc  Prcss'jr's 
(pel) 

.Max jam  yina  Velocity 
("d/lr) 

72 

75 

117C 

2,1  V; 

50 

ko 

91? 

30 

iS 

670 

20 

d 

A 

5 

0.7 

•i/0 

IjdO 

2 

0.1 

70 

0 

-  0 

-  0 

Extent  of  blast  dsnace,  hovo-rer,  depends  upon  buret  height  as  well  oe 
explosion  e.nergy.  Hw  cur'res  In  figure  3"<>^lodlcete  this,  conparinc  for 
air  ar.l  s'crfacc  bursts  the  varleMcn  In  peak  v-wi-.ee  of  overpress'ure  e.nd 
dyruualc  pressure  as  a  functluii  of  diet  mte  for  a  ono-negaton  letTu. ion. 

It  Is  clear  free  the  cur'rcs  thuit,  at  lover  prcsBOie  values,  both  the  ^/ir- 
pressure  and  dynanlc  presr.ire  extend  farther  for  cr.  air  burst  than  for  r 
surface  bui-ut.  Conversely,  a  S’urfacc  dotor.stlon  will  create  for  fxeator 
pressure  (onl  dfinage)  In  close  near  ground  zero  than  v*ll  an  sir  c-urst. 
Biese  relationships  hold  rccArilezs  of  tlic  weapon  yield. 

i.  Reference  i  Ir.  biullograph;’. 

Reference  *»  In  bibliography. 
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Figure  3-6.  jUmgea  of  Peak  ('verpxeasip'e  and  p>;ak  DjT^.ic  Pressure 
at  the  Surface  for  Orpleal  1-?G  Air  and  Surface  Biurats . 


b.  Interactlcn  of  Bleat  Wave  Vlth  Struclurea.  Ac  Inpliea  In 
the  prevlcnla  section,  the  blast  wa-'e  a  nuclear  axploelon  can  Inflict 

danage  of  varying  dsgree  to  eAposed  structures .  Ihe  response  of  a  build¬ 
ing  to  the  forces  comprising  the  blast  loading  may  result  in  a  permanent 
distortion;  e.  g.,  deflected  frames,  collapsed  roofs,  dished  in  vails, 
shattered  paitels,  aul  broken  vlndovs.  Besides  the  more  direct  form.  In¬ 
direct  diaage  may  also  arise  from  large  movable  ot/erts  throvn  up  a^prir.st 
bulldir.gs.  furthermore,  glass,  wood  splinters,  brlcko,  pieces  of  masonry 
and  otoer  material  loosened  and  bulled  tbrcsigh  the  air  by  the  blast  wave 
fora  destructive  missiles.  Uhen  the  front  of  an  air  pressure  vave  strikes 
the  face  of  a  building,  reflection  occur*.  As  a  result,  the  overpressure 
builds  up  rapidly  to  at  least  tvioe,  and  generally  several  times,  that  in 
the  Incident  shock  front,  deiKindlng  upon  the  attitude  fii  tIm  wave  front 
with  refpect  to  the  building  and  the  ma^iitudo  of  the  overpressure.  '..1.116 
the  front  moves  forward  the  pressure  wave  bends  or  "diffracts"  around  the 
structure,  engulf Lig  it  and  oventusdly  exerting  spprox'mately  tt»*  sarc 


Ii«l"  I'.- _ '  I ■'.-."^1^'^." 
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prescure  or.  all  the  wallf  an<i  roof,  ana  the  overpressure  on  the  building 

-?ropj  quickly  tu  .ts  orlg'nal  value. 

Before  the  blast  vuve  completely  surrounds  the  structure,  n  coi’sider- 
eble  precjure  -iiiferentlal  occurs  between  the  front  and  back  faces.  Oils 
procuces  a  lateral  (or  trcnsLetlonal)  force,  tending  to  cause  the  struet-ire 
to  rove  bodii;'  In  the  se.2e  direct icr.  as  f'e  blast  wave.  Tuls  force  Is  knows 
as  t;ie  "diffraction  Icwailng"  because  it  operates  while  the  blast  wave  is 
being  diffracted  aroisnl  tne  structure.  The  extent  and  nature  of  the  actual 
action  will  depenc.  upon  tlj  site,  aliape,  ar.d  wei^t  of  the  -tructure,  and 
how  firmly  It  is  attached  to  the  grc-onl. 

•  When  the  blast  wave  envelops  the  building.,  tho  pressure  differential 
disappears  since  t.hc  pressuc'e  u.n  all  sides  has  essentially  equalized.  How¬ 
ever,  since  these  external  pressures  remain  greater  than  the  atsblent  pres¬ 
sure  until  the  positive  phese  of  the  shock  wave  passes,  the  diffraction 
loading  is  rt-nlaced  by  an  Inwardly  directed  compression  loaning.  Xn  a 
atructurc  with  no  openings,  this  cees-js  only  when  the  overpressure  drop* 
to  zerc. 


The  damage  cauf.cJ  durl.ig  tb-  diffraction  ulogt  Is  determined  by  the 
aiagnltuds  and  duration  of  the  overpressure  loading.  If  a  structure  has  no 
openings,  loading  lasts  for  /ery  nearly  tlie  tine  1;.  vbleh  cae  shock  fZont 
moves  from  front  to  back  of  the  building.  F-r  thin  struet'ires,  such  as 
telegraph  or  utility  poles  and  saoke  stacks,  the  diffractl>..u  period  la  ao 
short  tnat  t.bc  corresponding  loading  <s  neirllglblo.  tenaral.  a  dlffrac- 
tlon-8en'.li.< ve  atructure  (one  primarily  sensitive  to  peak-overprassures} 
has  awderatcly  small  window  a.nd  door  areas  a-od  fairly  strong  exterior  walla. 
reJa  category  Includes  rtuJtlJtor'vd,  rolnforced-cor.crete  buildings,  large 

.  ^  .  ,A  ^ .a  •...««#.  .* 
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If  e  bulldlrg  subjected  to  blast  effects  has  openings  or  opening 
covers  that  fall  (windows,  doors,  curtain  walls,  etc.},  the  Inside  end 
Outolie  presRure  may  quickly  equalize.  Ibis  ten.!.'-  to  reduce  the  dtecrac- 
tion  loading  ar.l  siliiolnate  the  squeezing  actloc  i  >et  usually  foUsvr.  Ihe 
response  of  the  struct'iro  Is  then  mainly  due  to  the  dynaede  pressures 
aitiraotcrlz<?d  by  the  strong  (transient)  vlnls  which  accompany  the  positive 
pl;fj-sa  of  thj  b’.ajt  wave.  T»;e  resultant  tranr.lsti on«l  force  Is  called  the 
"drag  loading". 


'R.e  drag  loading  is  Infi  ieuced  V/  certain  feuturec  (primarily  the 
shape  and  slz**}  of  a  st.-acture,  but  is  largely  -Ispendent  upon  the  peak 
value  of  the  dynamic  prsbs-ire  and  Its  duration  at  a  given  location.  Steel 
(or  relrif  'rcc^l  concrete^  frame  buildings  with  light  wsUs  med'j  of  asbestos 
cenrnt.  olamlnun,  or  corrugated  steel,  quickly  become  drag-sensitive  be- 
cauec  the  walla  fall  at  low  overpreos-ires  Tnls  fuliure,  accompanied  by 
prusaorc  equalization,  occtirs  very  soon  efter  the  blast  wave  strikes  the 
struct'.’re,  so  that  the  fraoe  Is  subject  to  a  relatively  snail  diffraction 
loading.  Ttir  distortion,  or  other  dcjnage,  subsequently  experienced  by  the 
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frame,  as  veil  as  by  narrov  elements  of  the  structure,  e.  g.,  coluisns, 
beau,  and  trusses,  is  then  csuced  by  the  drag  loading. 

Although  the.  dynamic  pressure  is  contributing,  the  response  of  <kag- 
sensltlvc  a^racturec  and  their  coanneents  depends  largely  on  the  duration 
of  the  drag  loading.  Consc^ently,  fur  a  given  peak  pressure,  damage  to 
drag-sensitive  buildings  Increases  vlth  veapon  yield  because  the  p'.^clbU'; 
phua  duration  increasas.  This  accounts  for  the  fact  that  blast  waves 
f^OB  nuclear  weapons  cause  aore  destruction  than  might  be  expected  from 
peak  overpressures  alone. 

ftvllorring  tables  and  graphs  provide  a  rou^  idea  of  tbe  blast 
pressure  effects  on  various  sliructurus  and  eortaln  of  their  eleuants. 
Table  3-Vll  Is  restricted  to  dlffractlon-sansltlve  structural  cleiaents 


Tibia  3-VI.  Conditions  of  failure  of  Diffraction-Sensitive  Blements 


structural  Element 

failure 

Approximate 
Ipcldant  Blast 
Ovei'presBura  (psl) 

Glass  windows,  large  and 
small. 

Usually  aUattorlng, 
oecasionul  frane 
failure . 

0.>  »  X 

Corrugated  asbestos  siding 

Shattering 

1-2 

2-lsh  vuU  p-r~l,  8  Vi- 
in.  thick  (not  reinforced). 

«*aX  riwAOl  • 

m  A 

1  •  w 

Wood  sldlr.g  panels,  standard 
hense  Constriction. 

Usually  failure  occurs 
at  th»  mein  connect lo?a, 
allowing  a  whole  paixi 
to  be  blown  in. 

1  -2 

Concrete  or  cinder -block 
wall  panels,  8  or  12  In. 
thick  (not  reinforced). 

Shattering  of  the  v«ll 

2  -  3 

and  their  failure  condition,  while  table  3-VII^  '.ncliirtes  the  crmiblned  ef¬ 
fects  of  both  diffraction  ar.d  dreg  phenonene  upon  tai'ret  corponents  ac  a 
function  of  distance  ftroa  oround  tero.  TJie  s'-prurate  effects  arc  l.ndlcatod 
In  figures  3-7^  and  3-8.2  Here  the  extent  of  severe  dsmape  from  sorfoce 

1.  hoference  i  In  bibliography . 

2.  Refe-ei.eo  4  In  blMlography . 
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Figure  3*7«  Ranae  of  Severe  nacej*  *•'> 

Structures  Due  to  Varied  Yield  of  Surface  Bursts. 


detonations  is  given  for  structures  priBarll/  sensitive  to  overpressure  and 
d/r.aa!ic  press'ure,  recpecti'/ely . 

In  addition  to  the  general  blast  effects  sbovn  in  tables  3*^1  and  3“V1I, 
a  greet  deal  of  daisage  „ay  occur  witlln  atructures.  Blast  pressures  capable 
of  causing  roofs  anl/or  walls  to  fall  cay  also  ct’we  inner  supports  (beans, 
coluans  ard  bearing  vails)  to  buckle,  ©le  entry  of  blast  thrmgb  wail  open¬ 
ings  can  sassb  furnlshln.-s.  rip  doors  off  Uieir  hinges,  and  rupture  fraro 
Msibers.  Tlie  blast  forces  can  also  create  destructive  Bisalles  from  any 
article  or  fixture  that  vJ ll  be  trajccted . 
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Fi9ir»  3-6  •  Ranee  of  Severe  Dasaet  to  Dnig-Sennitlv-e 
Structures  Due  to  V&rle<i  Y5.eld  of  Surfeee  Bursts. 


c.  Injury  Froa  /vir  .  ©»  central  Ir.tcmrtlon  of  e  Uunwi 

body  vlth  e  blast  wave  is  sooevhet  slallar  to  tbet  cf  a  structure.  Because 
of  the  sBiall  size  of  the  tody,  the  'diffraction  process  Is  q>iicKly  over  a-nd 
the  body  la  rcplily  a<>l  subjected  to  severe  conpresslon  by  the 

blast  wave.  This  contlnussj  with  decreasing;  Ir.tcnnity,  for  the  duration  of 
tbs  positive  phase.  Tne  absorption  of  such  punlshtxnt  by  the  body  say  dao- 
Sjjc  hfrarr, ,  luot'.*,  stome'’h,  Intestines.  '•'.tc^nal  birsor- 

rbags.  fic^rlence  vlth  blab  explosives  Indicates  that  these  Injuries  are 

1.  The  air  blast  overprescure  required  to  cause  rupture  of  eardrum  appears 
to  depend  hl^Ty  upon  elrcuastances .  several  cb.-iervetlons  lnd.icete  that 
the  alnlrwa  o-/erprecsure  Is  In  the  range  fror  10  to  15  pou.-viB  per  square 
Inch,  tut  Doth  lover  end  hlfjier  values  have  beer,  reported . 


aau3<^i  by  piak  nvcrpreas-irec  of  about  80  pounds  per  siiuare  inch,  and  that 
COO  to  300  pounds  per  square  Inch  probably  would  be  fatal. 

when  the  pressure  at  the  shock  front  Increases  rapidly  or  the  positive 
phase  lasts  for  an  appreciable  tlae  (or  both),  serious  blMt  injury  (rr 
death)  can  rasuli  at  zmch  lo-A:r  peak  presturea  than  when  the  pressure  rises 
slowly  or  lasts  for  a  abort  tloe.  For  cxan^le,  testa  iiidlcaca  that  a  seven¬ 
fold  Increase  In  blast  wave  duration  results  In  a  thrco-foLl  decrease  5n 
the  0'«rpr*ssure  nece.*?».ry  to  cause  fatality  in  dogs.  Since  the  positive 
phase  cf  a  nuclear  blast  wave  lasts  ■.onsXlerabljr  lonicer  than  that  for  a 
conventional  boob  explosioa,  peak  oveiTJressures  much  leas  than  200  or  80 
pounds  per  square  Inch  can  be  expected  to  cause  death  or  injury,  respect¬ 
ively. 

Concurrently  vlth  the  cc:  Tress  Ion  effects  of  the  1  wave,  tlie  drag 
forces  du?  tc  the  blast  wind  can  cause  translational  dt-..  ^»aiaent  of  the 
body,  acsultlnr:  Inj'iry  depends  upon  the  force  with  which  the  body  Is 
tiirown,  the  object  it  strikes,  and  its  attitude  at  Ijapact.  The  drag  force 
is  directly  proportional  to  the  itlrontal  surface  idb.ch  the  body  presents 
to  the  blast  wind.  Dius,  a  person  in  a  prone  position  wc.a..J  be  such  less 
affectei  then  one  standing  up. 

Perhaps  Bare  serious  than  direct  blast  Injturies  are  tne 
effects  d’jfi  to  collapsing  buildings  ar.l  flying  debris.  Woe,,  splinters, 
pieces  of  actal  and  glass  fVa(^i.ts  in  pcrtlcular  can  p*ns'.'*ate  up  to  an 
).non  ceneath  tne  skin  (and  even  through  several  layers  of  clothing).  When 
fragsents  are  soall,  clothing  say  provide  sons  protection,  '•therwise  a 
well-shielded  position  is  r«<rain«l  against  the  aisslle  beta:’!.  However, 
the  likelihood  of  suffering  fractures  on  being  ennrhen  ■n’.triei  ij 
greatest  in  or  near  con-zent lonsil  structures  (i.  e.,  not  blast-  and  flre- 
rasistart ) . 


d.  C.'ound  Shock.  I.->  a  nuclear  e-rfacc  burst  a  small  pj-oportlot» 
of  tJjc  explojilcn  enerry  is  expondil  In  producing  •’  shock  ('r  presi-ure) 
wave  In  the  groUid,  oi  which  only  the  general  features  are  known  at  pres- 
e:.t.  13;lo  shock  wave  differs  froo  the  blast  wave  In  air  In  baring  a  such 

lees  sudden  Increase  of  pressure  at  the  front;  also.  It  decays  wore  sharply. 
Cl  -o;  the  e;;plo3lon  tne  pressure  gradient  is  large  enoufdi  to  destroy 
the  cohesive  forces  In  the  soil.  The  nognltude  o*  the  shock  wave  attonu- 
Bten  fairly  rapidly  with  distance  rron  the  explosion,  and  at  large  distan¬ 
ces  It  resesibles  ttiat  of  an  acouatlc  or  seismic  wave. 

The  effects  of  undergro’und  shock  ftroo  a  nuclear  axploelon  have  been 
described  as  being  sceasvhat  slx:ilar  to  those  of  an  earthquake  of  nodaratc 
Intensity,  although  there  are  significant  differences  between  an  undor- 
ground  nuclear  burst  and  an  earthquake.  The  preseure  In  the  greund  shock 
waves  falls  off  sere  rapidly  with  distance  In  the  case  of  the  nuclenr 
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explosion^  and  the  radlii<t  of  da^a^  f^oa  a  S’^  faee  burst  due  to  the  grouni 
■hocX  (or  "earthquake  effect")  Is  sasall  In  coffiparison  with  that  rtuo  to  air 
hlant.  Fur  this  reason,  ground  shock  may  be  Ignored  sheru  above -groufyi 
structures  are  concerned,  since  the  blast  effects  are  controlUng. 

Bw  effect  of  ground  shock  pressure  on  an  underground  structure  Is 
aosMvhat  different  In  character  tram  that  of  air  blast  on  a  structure 
above  the  ground.  Due  to  the  similarity  In  density  of  the  medium  throu^ 
which  a  ground  shock  wave  travels  and  that  of  the  underground  structure, 
the  response  of  the  ground  and  the  structure  are  closely  related.  Bie 
movement  (acceleration,  velocity,  and  displacement)  of  the  underground 
etruct'ure  by  the  shock  wave  Is  largely  determined  by  Dio  aotlcr  of  the 
ground  Itself.  Ihus,  relatlvoly  small  u.nderground  structures  can  bo  ex¬ 
pected  to  "roll"  with  the  ground  shock,  tte  degree  of  denage  to  under¬ 
ground  elements  can  be  related  roughly  to  crater  radius  (where  the  crater 
results  from  a  surface  or  subcurface  detonation).  Table  presents 

some  examples  of  this  association  for  aoderataly  deep  underground  struc¬ 
tures.  It  can  be  teen  that  for  cither  email  and  rigid  or  long  and  flexible 
•tructures  there  Is  no  appreciable  damage  ftroa  ©ro-und  shock  beyend  three 
crater  radii.  V.^er.  structures  are  partly  above  uid  partly  '  alow  ground, 
the  deoage  to  the  latter  portion  will  still  be  as  shovr.  in  khe  table. 


Table  3-VIII.  Ground  J3iock  Damage  Criteria  for  :.Meratsly  Sv'rep 
Unlergroind  Structures 


TVT*  structure 

Distance  Surface 

Zero  (crater  radii.*) 

Damage 

Relatl'/ely  small 

1-lA 

Collapse  or  se’.'cro  lls- 

heavy,  blast- 

1-lA  to  2 

placeiaent . 

resistant  design 

Stock  damage  to  Lnterlor 

(shelters). 

cy.lpBent . 

2  *^0  2-1/2 

Severance  of  brittle  cen- 
nectluns,  alight  cracking 
at  atruetural  discontinuities 

Relatively  long, 

1-1/2 

Deformation  and  rapture. 

flexible  (pipelines) 

1-1/2  tc  > 

Slight  deformation  with  some 
rupture . 

2  to  3 

Fullure  of  connectiona 

oCrater  radius  for  a  l-fTT  surface  burst  Is  scout  700  ft  depending  upon  soil 
conditions . 


1.  Peference  1  In  iilbllcgrephy . 
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3-03.  3LRMAL  KADlATIOn.  Bacauce  of  the  enomma  quantity  of 
enercy  rclea6>xl  per  unit  oaas  In  a  nuelesr  weapon,  temperatures  of  aeveral 
million  degrees  are  attained  in  the  fireball.  Tnuo  a  siirri  fir->nt  fraction  of 
the  nuolear  energy  Is  given  off  in  the  form  of  haat.  Bie  transmission  of 
hoot  energy  frem  a  high  temperature  source  la  toroed  thermal  radiation. 

Although  blast  is  responsible  tar  nest  of  the  initial  destruction 
caused  by  a  nuclear  burst,  thermal  radiation  contributes  to  tbe  orverall 
damage  by  igniting  combustible  materials.  Finely  di^-lded  or  thin  fuels 
such  as  dried  leaves  and  newspapers  Ignite  easily  and  start  fires  in 
buildings  or  forests.  Bicse  fires  may  spread  rapidly  among  the  debris 
produced  by  the  blast.  In  addition,  thcrmil  radiation  is  enable  of  caua- 
Ing  skin  burns  on  exposed  individuals  at  distances  from  tbe  nuclear  explo¬ 
sion  where  blast  and  Initial  nuclear  radiation  vx'  ha  algnlflcant. 

This  difference  between  tbe  Injury  ranges  of  themaJ  radiation  and  of  the 
other  effects  mentioned  becomia  more  marhed  with  increasing  anargy  jrleH 
of  td»e  explosion  (refer  to  figure  3-12). 

For  all  types  of  hursts  the  severity  of  thermal  affects  (charring 
and  Ignition  of  meter lals  and  production  of  skin  burns)  is.  in  gsneral, 
dspsndent  upon  the  irrsdiaace  or  rate  at  which  the  radiant  eneriCT  is 
dallvered.  As  weapon  ylsld  locrsoses,  the  thermal  energy  Is  dsluvarad 
over  a  longer  period  of  time,  t^eooe  at  lower  Irrolhinre  levels,  therefore, 
tbe  total  SBOunt  of  thermal  energy  re<]ulred  to  produce  a  part'.culir  effect 
increases  with  weapon  yield. 

a.  Qsneral  IVoperttee.  thermal  radiations  are  made  up  of  ultra- 
'rtolat  ray7  of  short  wavelengta,  risible  llglit  of  longer  w.^ra  length,  and 
liifhared  rcdlatlon  of  still  longer  vara  length,  therml  iSulatlon  travels 

rtf*  \1  tlSS  Ct*  *‘***r*^»t  *C  m  15 

n-gHgibla, 

All  inverse  square  reduction  in  thermal  radiation  intenelty  occurs 
which  is  enhanced  by  atmoanhrrie  s :ter.uattcn.  Too  aaount  of  thermal 
radiation  free  »  particular  nucieur  erpioslon  ti,.  •-  peaches  a  gl»e»  f^iat 
depends  upon  weapon  yield,  distance  froK  the  burst,  and  condition  the 
intenrenisg  ataoecr-re.  Scattering  caused  by  aolecules  of  oxygen  and  ni- 
tregen  it  the  air  la  relatively  unimportant  compared  to  that  created  by 
such  atiTospherlc  pollutant!  as  duet,  smoke  and  fog. 

ihiloss  scattered,  thermal  radiation  frem  a  nuclsar  explosion,  liks 
ordl.nary  ll^.t,  travois  in  straight  lines  fron  its  source,  the  fireball. 

An;*  opoqu-c  rater  Ini  between  a  given  object  and  the  fireball  acts  as  a 
fbleld  arrl  pro’vldcB prcLectlon  from  thenal  radiation.  Transparent  matcrl- 
olu.  such  eui  glax,s  or  plastic,  allow  thormal  radiation  to  pass  through 
only  slightly  attc.iuated  A  shlsld  which  merely  intervenes  but  which 
does  not  surround  the  target,  as  would  a  wall  or  bill,  may  not  bo  entirely 
iodir  .y.cy  tttc;c.5p---’.r  I  ■  oondltlons.  A  larga  prop^-tl  on  of  the 


thermal  radiation  received,  especially  at  considerable  distances  fiua  the 
axploslon,  undergoes  scattering  and  arrives  frea  many  directions. 

b.  Dependence  llpon  Detonation  Hel^.  Jbe  foregoing  dlscuaalon 
baa  referred  In  particular  to  tiiermai  radiation  from  an  air  burst.  For 
other  types  of  buret  the  general  effects  are  the  same,  altbou(d>  the;,'’  differ 
In  degree.  For  a  surface  bxirst,  when  the  ball  of  fire  artually  touches  the 
earth's  surface,  tho  thermal  energy  radiating  beyond  the  fireball  is  less 
than  for  an  air  hurst .  ‘idils  Is  due  to  a  portion  of  the  theroal  radiation 
being  Obscured  by  debris  rapidly  rising  froa  the  ground.  less  therasl 
•nersy  Is  so  lost  as  the  height  of  burst  Increases. 

Ln  the  case  of  a  surf  see  burst,  aost  of  the  tberaal  rsdistlon  resch- 
ing  a  given  tsrget  on  the  ground  has  traveled  throu^  the  air  near  the 
earth's  surface,  where  the  extent  of  scattering  by  dust  particles  is  greater 
than  at  higher  altltules.  Consequently,  In  addition  to  lets  thenal  energy 
being  radiated  In  tbs  case  of  a  surface  burst,  a  still  taallar  amount  rea¬ 
ches  the  target  at  a  specified  distance  fTon  the  explosion.  The  themal 
affects  of  a  surface  Hirst  thus  ore  significantly  lest  than  for  an  air 
burst  of  the  sane  totil  energy  yield.  This  la  deiaonstrated  In  figure  3*7- 

In  Buosurfa..e  bursts,  eithor  In  the  esrth  or  under  vatiir,  nearly  all 
the  tberaal  radiation  Is  absorbed,  provided  there  le  no  sp^'^eelabla  peM- 
tratlun  of  the  s'jrface  by  the  ball  of  fire.  The  theraal  energy  le  used 
up  in  beating  a.nd/cr  vaporising  tho  soli  or  vrter;  and  therral  radiation 
effects  that  vo'Ul.-l  aceospany  sn  air  burst  ere  thus  absent. 

e.  Incendiary  Effects.  When  themal  rsdlstlem  strUna  a  sur¬ 
face,  the  imergy  absor\>^  produces  beat.  If  the  irroflscee  la  very  high  , 
tnia  ootorpticn  occurs  ir  a  very  soaxiov  layer  oi  toe  eateriai  resulting 
In  extremely  bl^  temperatures  st  tU#  surface  of  l-rpisgteeBt.  The  eost 
Important  phyalcal  effects  of  such  tesperatures  are  burning  akin-,  and 
scorching,  charring,  or  Igniting  coebuatible  subatancea. 


lotion  by  thermal  radiation  dependa  upon  a  ojhber  of  faetcre  oon- 
earning  the  luaterlal  and  Its  condition.  For  axtople,  transparsnt  or  re- 
flectlva  surfaces  are  affected  to  a  far  lesser  extent  than  are  opaque  or 
darkly  colored  surfaces.  Thin  material.,  such  aa  -evtpsper,  dried  lasTSe 
and  grass,  and  perous  mater 'r is  such  as  rotted  wood,  generally  Ignite  and 
auataln  flame  when  exposed  io  thorml  radiation.  Thick  emtarlals,  fOr 
axaxpla  wood  emra  than  l/Z  Inch  thick,  plastics,  and  heavy  fabrics,  ignite 
•.ad  char  but  do  not  covtleMic  to  bum.  Oeroa  smoke  and  voltoss  of  fleam 
may  be  emitted,  but  the  material  does  not  sustain  ignition  after  the  radl- 
ftlca  falls  below  a  eartaln  level. 

Table  3-n  Hate  a  aued)er  of  mater  lala  found  on  the  exterlore  of  eon- 
ventlOBsl  Btructuree.  The  damage  effects  are  shown  with  tba  radiant 

1.  fie^arance  4  in  bibliography. 
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Flgore  3-9-  Comparison  oi  thers*l  Snersy  RaaT*  tor  l-KT 

J  -•  « 

^«44  • 


energies  reqtilred  to  prcluce  then.  Py  using  this  Information  In  conjunction 
v<th  the  fanlly  of  t hemal  eners'  curves  shown  la  flgive  J-lOp  It  is  p'cssi- 
ble  to  letermlne  approximately  how  far  from  the  exnloslon  center  thermal 
losiafT;  roy  occur  for  various  weapon  ylrVIs. 

It  is  obvious  from  table  3-IIC  that  alecellaneo-js  trash  la  the  s«3t 
prone  to  Ipr.ltlon.  The  rcaalnlnr  anterlals  suatnlp  danegc  uut  ai^  nci 
llxely  to  start  seif-cupporting  fires.  Being  coahuatible,  however,  they 
can  contribute  tc,  fires  less  directly,  but  nonetheless  effectively,  as 
Tseis .  'rnuB  tnc  kindling  materials  are  responsible  for  tha origin  of  a 
fire,  anl  the  l»s<!  conlnistihle  iseterlals  are  responsible  for  Its  growth 
and  spren.! .  IP,  In  a  built-up  area,  tfvese  materials  are  present  in  tto 
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Table  3-XX*  Theraal  Deaa^e  SuaUined  hy  Various  Bulldlsg  Materlala^ 


Critical  Badiaat 
Ixfiosura 

Material  Oaawge  (cal/'m^) 

Hi  iteace  MX  Raaie 


Wood,  Tallow  flae 

Plases  during  exposure 

20 

bo 

Wood,  White  Piae 

0.1  as  depth  char 

10-20 

30 

Plywood,  Douglas  Tic 
l/*»  la. 

3/8  la. 

flaaea  during  exposure 
Piaaee  during  exposure 

9-15 

20 

20-35 

be 

Boll  Booflag 
■iaeral  aurface 

eaooth  aurface 

Surface  salts 

Plases  duriag  exposure 
Surface  salts 

Plasea  duriag  exposure 

8- 15 
20  -  bo 

b  -  7 

9- 15 

1  1 

Palat,  Pire-Reaiatant, 
white,  1  coat  oa 

V'^ia.  plywood 
l/32>la.  sheet 

steel 

Flasee  duriag  exposure 
Chars 

20 

is 

- 

Protective  Coating  oa 
White  Piae 

0.1  SB  depth  Char 

bo  -  W 

10 

Awaiag,  Canvas,  O.D. 

Sustaiaed 

tgaitloa. 

lb 

20  -  bo 

Mlacellaneooa  Trash  - 
Zacludlng  aewspa>'«rs, 
rags,  paper  cartoas, 
excelaior,  oily  waste, 
leaves,  grass,  etc. 

Sustaiaed 

igaitioa. 

3-15 

15  -  bO 

i.  Sefereaeee  4,  33  and  JJ’J  in  bibliography. 
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IPf  HmX  L^ZS  D^»^Sm*5w 

rron  Surface  Bursts. 


proper  proportions,  the  thoraal.  r#d’"tioo»  from  a  rrsclear  attach  (especl- 
ailjr  air  burst )  will  start  Ba.-.y  icciated  blatec  wfclch  aay  qpilckly  coBblne 
into  a  "Icar.*  *  ■'  c  . 

Uirirr  cirtain  conditions  there  may  devalop  what  is  known  aa  a  fire 
atom,  rr.lc  ?hon>raenon  Is  ciyjractcrlzed  b/  Increasing  winds  whoae  laaxliaoa 
•nslocltlcn  ia/  reucl.  60  t.^  100  allcs  per  hoar.  B;"'  nrc  an  cat  growth  of 
the  draft  cauoad  by  the  rui>ia  rise  of  heated  air  over  an  ertcncl'.'e  burning 
area.  Provlllnp  there  Is  aicple  fuel,  these  winds  fan  the  flaaes  to  such 
a.",  inscnslty  t?At  the  resulting  fire  stona  coneuws  virtually  everything 
cfjcijustible  within  Its  reach. 


d.  Injury  to  Personnel .  Ihemal  radiation  caji  cause  b-irn  inj’ir- 
lea  elthcr”directly  by  absorptloa  the  radiant  enerQ^  by  the  shir.,  or 
Indirectly  as  a  result  cf  fires  ctnrtcci  by  the  radiation.  Bk  dlr  -et  burns 
are  called  flhsh  burns,  since  they  are  produced  by  the  flash  of  theraal 
rodletlon  fron  the  fireball.  Tfce  lallrect  bisrns  are  referrM  es  fleo-; 
binns  a*vt  are  identical  to  those  cauaed  by  any  lar^  fire  rtijsdu^eae  of 
Its  origin. 

Althou^  the  depth  or  degree  of  the  b  tm  Is  an  li!5>ortant  factor  In 
deternlnirig  Ita  effect  on  the  individual,  the  extent  of  the  area  inrolvsd 
aaiat  be  taken  into  consideration.  Ibua,  a  flrat-degree  bum  over  a  large 
area  of  tlie  body  nay  produce  a  casualty,  and  an  extensive  second-degree 
burn  usually  Incapacitates  or  kills  the  vlctxn.  For  this  reason,  all  per¬ 
sons  exposed  to  thcrrAl  radiations  of  sufficient  energy  to  cause  second^ 
degree  flash  b-jrns  are  potential  casualties.  Tbe  curves  In  figure  3*11 
indicate  the  raiige  at  which  first  and  second-degree  burns  aay  be  ejected 
for  surface  bursts  of  varying  yields. 

3-04.  SUMMARY.  A  of  detail  concerning  tbs  various  affects  of 

nuclear  weapons  has  been  presented  in  this  section.  Ihe  jor<  technical 
aspects  involving  tbo  theories  of  blast,  tberaal  and  radiation  phenomena 
have  been  purpusely  aralded.  It  has  been  the  intention  of  this  section  to 
foalllarlze  the  reader  with  the  above  effects  and  to  li»ilce*e  their  approxl- 
aate  aagnlt'ade.  In  all  cases  these  effects,  as  related  to  people  and  s!;ru- 
etures,  have  been  shown  to  be  a  function  of  weapon  yield,  weither,  height 
of  burst,  and  dlsta.''.ce  from  the  explosion. 

By  way  of  review  and  for  eaater  caaperlscn,  the  slffilficant  aagnlttales 
of  the  three  baalc  weapon  phe.notattna  (blast,  beet,  and  Inlti*!  radiation) 

litrcti  in  iigurt*  3*^*  'rtJ®  ^urv^s  cotf  ximffQX* 

ate  effects  as  a  function  of  distance  froa  ground  sero  for  vsrlcus-slzed 
surface  detonat Ions .  A  study  of  the  curves  dononatrates  tnat  for  yields 
of  20  kilotona  or  aors  the  lethal  range  of  proa^t  gasua  radiation  and 
neutrona  lies  within  the  region  of  eigniflcent.  hinrt  daaege.  FUrthar, 
the  re.nge  of  Imedlat-  tharacl  effects  la  greater  tnaa  that  of  either 
blast  or  radiation  end  becooss  e'rer.  'vire  so  vlth  increased  weapon  yieiw. 

Of  major  laportance,  however,  froa  the  ataiidioint  of  protective  con¬ 
struction  (as  defined  by  this  ha.’vlbonh),  the  vUe-spread  resld’isCL  effects 
cf  risdloactlve  fallout  dlsrusoed  !.*•  socticn  3*01.  liie  inclusion  in  flrure 
3-12  of  cui'ves  for  these  ef-'ects  J»  not  possible,  tince  the  fkllout  event 
and  the  attendant  radiations  are  functlone  of  tlas..  It  suffices  to  say 
that,  depending  upon  the  weapon  yield,  wind  condltlcns  and  detonation  en- 
vtroriDcnt,  fadlcxut  In  slfciiflcaint  ^'uu'.tltles  aay  ex'st  for  h'undrods  of 
miles  beyond  px>und  zero;  and  the  guasa  radiation  hazard  may  last  for 
months  and  for  as  each  as  two  years  in  the  region  of  heaviest  fallaut. 


1.  Seference  4  bibliography. 
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Fif^ire  3-11  •  Ran^e  of  Serious 
iskln  Ijuriis  Due  to  Bieraial 
Itsdlatlon  Krom  Surface  Bursto. 


Figure  3>12.  tenedloto  S:fe:ts 
of  •  Surface  Burst  as  a  Func¬ 
tion  of  Yield  and  Distance. 
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SaCTlDBf  IV  -  PRUICIPLES  OF  PR0Ti3CT10N  FOR  FACII.ITI*iii  ANO  PERSOffilEL 


Jf-01.  BASIC  OBJBCnVSS  OF  FALIiOm.*  ITCTECTIOH.  The  ijaportance  of 
fKllout  and  the  n«ed  for  an  appropriato  doforse  against  its  effects  have 
bean  eatabllahed  In  aactlon  I.  Bie  prcblen  (the  major  objective  of  this 
handbook)  remains  to  levelop  realistic  means  fer  arcompllshlng  fallout 
protective  construct  ion.  In  its  simplest  terms,  resisting  the  effects  of 
fallout  requires  filtering  out  tt?  more  nanaful  raxliatlons  and/or  removing 
fallout  aa  the  radiation  source.  Where  protection  of  strictures  and.  their 
staffs  are  concerned,  falloiit  resistance  involves  fulfilling  one  or  noxe 
of  the  following  objectives: 

1.  Improvlr.g  the  inherent  shelter  effr-ctlverieas  of  struCtiires . 

2.  Nlnlmiting  the  deposition  and  retention  of  tbs  fallout* 

3*  Facilitating  the  removal  of  the  cc:;taialnant  • 

Ibete  objectives  can  be  attained  through  the  Isplenentatlon  of  certain 
basic  principles  of  protective  construction  which  are  discussed  below.  In 
addition,  some  degree  of  improved  protection  against  ble.it  and  tbsraal  ef- 
facta  may  he  realized  in  many  instances.  C:asQ  bonus  benefits  are  discussed 
In  sections  4>06.  and  4-07.  of  this  Sectiou. 

4-02.  ATrerJATICil  CF  oaotA  RAIS.  As  implied  in  the  first  dbjeettve 
above,  all  closed  structures  ere  capable  of  weakening  (attenuating)  the  in¬ 
tensities  of  incident  gsraaa  rays,  the  prlmcry  InJury-pr'jduclng  aechar.lsa  of 
fallout.  For  example,  about  30  percent  of  tho  radiation  d'r*  to  fallout  on 
and  around  a  typlc^  woclea  barrack  reaches  the  occupants ,  fisprovlng  this 
Inherent  resistance  of  structures  Is  of  great  Ixqxxrtr.ncc  to  protective  eon- 

tors  which  lessen  radiation  In  general,  nsaely: 

1.  Shielding  or  filtering  rait  the  rays  with  absorbant  Mterials. 

2.  Beeping  tbe  receiver  at  a  distance  frm  the  radiation  aourea. 

taken  together,  shielding  and  distance  c'a^rlse  abeltar  effectiveness. 

a.  Shielding  R-otectic-n.  Oarasa  rays  er*  absorbed  (or  attenuated) 
to  SOM  eirtent”wEeErtE^r'pac8~t^ough  every  material.  Bseept  In  unusual 
clrcuastances,  the  decrease  In  radiation  Intensit/  dependa  upon  the  maaa  of 
■atarial  that  Interveoea  between  the  rallatlon  aource  and  tha  racelTlng 
point.  A  greater  thlcknesa  of  a  laaa  dense  substance  (wood)  than  one  of 
high  density  (metal)  Is  required  to  attenuate  the  radiations  by  a  apaelfiad 
amntnt.  A1t)yn>f>h  an  ertrsTagant  amount  of  barrlar  ratarisl  aay  be  refjulred, 
to  absorb  gamma  rsya  eorpletely,  a  reasonably  thick  or  densa  ableld  can 
reduce  tbe  exposure  dote  to  an  Individual. 
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Tikt  shielding  effeetivenees  for  a  given  thickness  of  a  oaterial  can 
be  expressed  in  terns  of  the  "fractional  intensity".  This  is  the  ratio 
I/lo:  where  Iq  is  the  intensity  of  a  parallel  bean  of  gaana  rays  directed 
norssl  to  s  slab  absorber,  and  1  is  the  fraction  of  Iq  penetrating  the  slab 
or  shield.  A  low  fractional  intensity  («  1}  signifies  that  a  shield  is  a 
strong  absorber  of  gamma  rays.  Figure  h-l  shows  the  variation  in  s.ijerding 
effectiveness  (fractional  intensity)  with  thicknasa  for  sevaral  common 
materials,  when  exposed  to  gamma  rays  of  an  energy  typical  of  fallout  (0.5 
iflillion  electron  volts).  For  comparlaon,  figura  k-i  ia  included  to  show 
that  a  sioilar  relationship  exists  when  the  incident  radiation  is  of  higher 
energy  (*•  eilllon  electron  volts)  as  associated  wits  Initial  radiation. 

Ir>  this  caae,  a  thicker  cnd/or  denser  ■aaterial  is  raquired  to  achieve  a 
given  fractional  ictenalty  t:.An  ahen  shielding  against  anergies  la  tha 
sane  zange  er.  fallout  radlaticn.  In  e.cv  case,  protective  construction 
Br.ouj.0  employ  heavier  walls,  roefs,  and  pNrtilions.  Inis  mesne  ua> 

ing  denser  materials  and  selecting  more  asesive  designs  for  building 
members. 

b.  Distance  Proteeticn.  In  addition  to  direct  ahieloing,  gamma 
rays  arc  attenuated  witc  increiaed  distance  from  the  radiation  source.  For 
a  uniformly  di^jtributed  source,  auch  as  a  fallout  field,  tee  av*e  nearest 
the  receiver  contributes  the  moat  radiation.  This  is  depicted  ia  figure 

fsr  a  receiving  point  3  feet  above  the  surface,  ft  is  also  apparent 
fron  the  figure  that  tha  percent  contribution  of  the  conUwneted  surround* 
ings  to  the  radiation  field  at  the  receiver  decreases  with  'Istance.  The 
rote  of  this  d*rrease  cr  attecustion  is  demonf trated  by  Ih;  ateep  alope  of 
the  distance  protection  curves  of  figura  ogala,  tne  attenuation  is 

given  la  terns  of  fractional  intensities.  In  either  case,  fractional 
intessiey  indicates  what  portion  of  the  total  available  rad'ation  actually 
reacnes  a  particular  location. 

Both  figures  4*3  and  4.4  indicate  that  unpaved  areas  provide  sort  pro* 
tcction  at  a  given  distance  than  do  paved  areas.  The  added  attenuatloa  ia 
due  to  the  combin'd  effvvt  of  distance  plus  shielding.  The  roughness  of 
unpaved  surfaces  partial  ly  blocas  the  radlaticbs  coming  from  fallout  mat¬ 
erial  lying  in  dspreo^lons  or  behind  protuocraaces. 

Thus,  the  radiation  Intensity  existing  above  a  eontaalnated  place  can 
be  significantly  rcd.iced  by  providiu,^  uoderately-sized  clean  areea  ia  the 
imeediate  vicinity  of  the  receiving  point.  i^plc''1ng  this  principle  in 
protective  construction  aeans  sllerit.g  the  site  spd  shape  of  bulldingo  oo 
as  to  fem  a  more  continuous  and  aarelope  about  the  uacontaainatod 

interior. 

c,  drati.red  GarevT  Padlatjon.  In  its  passage  through  the  atmos¬ 
phere,  g-emia  red^ation,  like  ther**!  vsdiation,  is  scattered  by  particles 
preient  in  the  el”,  hven  though  most  of  the  radiation  will  be  received 
along  a  direct  "line  of  sight"  from  the  source,  scattering  will  cause  a 
certain  portion  to  "kTrive  fres  oblique  directions,  as  shown  in  figure  4-5. 

1,  keference  5  1*  biciiography. 


rigur*  ^1.  AttMuatloa  of  tew  Eaarcr  Badlatloa  M  Typl 
Fallout  (0.5  Ft»)  for  Various  IbiclcBaasa#  of  KatsiUl. 
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Figure  i-3.  H-'iative  Contribution  of  Contanlnatel  A:  ooc  to 
Opntral  ardiation  Intenciti"  at  3  Tort  Above  Ourfaco. 


Concequently,  shlcldlnc  ESJOt  be  provide!  on  all  sides  cf  a  receiver  in  order 
to  furnish  complete  protection.  Scattered  riuiation  is  olva/s  less  enorev- 
tlc  than  direct  rnriintlon;  nonce,  it  is  easier  to  shield  ofiairuit. 

^♦-03.  Rajucnori  of  mvosmoi;  a;®  Rinsmon.  The  protection 

adiich  a  facility  affords  can  be  Iraproved  by  Eal:l::c  it  acre  dlfflcalt  for 
fallout  aatcrlal  to  be  depooited  and  to  resialn  on  its  exterior  ourfacos. 

The  contributing  factors  affecting  dejKisltlor.  and  rcvontlon  or  fallout 
particles  consist  of  three  ruiln  cateroriec: 

1.  Fallout  prcpertr.ec  (physical  anJ  chenlcol)  such  as  tj’po  of  carrier 
naterlal  (see  table  j-  Iv),  don-i  ty.  oartlclo  slie,  and  phase  vhlch  Influ¬ 
ence  the  nanrer  of  arrival  and  the  tenacity  of  adherance  to  a  surface. 

2.  WeathfiT  coVltlona  •u^.h  as  oclpltatlon,  tOTcperature,  mil  eepe- 
elally  vlnJ  velocities  which  control  tne  inltxal  dlFtrlbutlon  of  contami¬ 
nated  particles  and  their  possible  resiL-.-penjlt/n  and/or  rcdlstrliiutisn. 

UO 


FlCira  Effectivenccs  of  Dictanci  in  Failout 

SaJltttlcn,  zz  Cbserve-i  3  Feet  Above  a  Cl-'an  Circular  /t'ca 
O'irro'in'ie’i  by  a  Uniforni^  CoiitajiLatei  lai'ialtc  Flaac. 
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Flgire  '1-5.  Scheaxitle  Representation  oi*  Soatterlag  BietyvMna. 


3*  Tfcrret  vuJj.ei ability  (in  a  radJologlcal  aense  ocv)  Including: 

(a)  the  cer.oral  orlcntctlon  or  cjcterlor  s'jrfacec  iietei'ed.r»  the  air 

rtcv  pattern  aro’an'.  ■ovlldlr;;^  a.'kl  affect  the  drainage  ar«d  veatherlng  of 
fallout  naterial  fren  surfaces;  ars'?  (b)  the  detailed  aurfnr'  condltlcna 
vhleh  Influence  retention  of  contenlnant. 

Any  alteration  in  factors  belonclng  to  the  first  two  categories  will 
dei>end,  to  a  larg*  extent,  upon  the  eneny'a  decision  regarding  the  weapons 
used,  the  target  selcc  tv-1,  a.rl  t>M  vAv,*;.  r  ettacit.  Thcrefoi tlr; 

active  concern  redlolorlcal  defense  is  with  third  est-ecory  which 
Involves  nlnlElzlng  the  contoslnablllty  of  tlie  target.  Ihus,  the  archi¬ 
tectural  and  constriction  characteristics  of  building  corplexac  will 
grcatli'  Infl'i'.’nce  tw:y;t  rolncrablllty . 

e.  Jlnr-llflel  O.-onctr:,- .  Becaose  of  tlj  "fllfjrt"  chsracterlstles 
of  airborne  particles,  their  tc-x.^r.cy  to  deposit  oit  Is  ogff'a/ated  by  ab¬ 
rupt  changes  in  direction  of  the  air  flow.  Bulldii.es  w'uvbv  exterior  geo- 
BPtrles  creato  air  t'urb’iJ cncos  would  collect  acre  fallout  naterial  tha.'. 
those  that  encourage  the  snooth  swift  passage  of  air,  Proieci.l''ns  and 
velds,  then,  stoul-!  be  nlnlnlxcd  oi  elirlnated  altogether  to  attain  a  oore 
aaarodjmaalc  configuration.  Streanlinlng  would  also  provllo  better  dralnaf:^ 
chai'scteristics  for  the  rcaoval  and  tranoport  of  collected  naterial. 

In  order  to  ial-.e  full  ad-/antage  of  a  building's  eerodynaalc  features. 
It  slHOuld  be  correctly  oriented  irlti;  regard  to  the  prevailing  winds.  That 


is,  it  should  be  placed  *.o  as  to  present  the  least  wind  resistance.  For 
the  saise  reason,  building  should  be  properl/  located  eind  spaced  with  re- 
siJect  to  each  other.  Because  of  the  lack  of  Infomatlon  concerning  the 
ccmplex  aerodynamic  influence  of  one  building  upon  another,  an  exaggerated 
clearance  between  buildings  may  be  the  rsost  effectlx'e  arrangeaent. 

b.  Vertical  Versus  Horizontal  Areas.  Horizontal  target  surfaces 
generally  becc=a  more  contoairmted  tnan  vertical  surfaces  \&ori  subjected  to 
a  dry  no".“tenaclous  type  of  feldout.  HBasturement  of  test  structures  con- 
tamlnatod  by  a  laril  detonation  hts  revealed  radlatlcn  levsls  on  roofs  which 
exceed  those  on  adjacent  walls  by  factors  of  ICX).^  Hiere  is  no  0iarantee 
that  huu.ic.  falluut  concentrations  (lOu  grams  per  8(iuare  foot  or  more) 
wotUd  rot  proluce  e'/en  creater  horitcntol-to-vertlc.il  contamination  ratios. 

On  the  basis  of  the  abo'.'e  tnfcmatlon  the  avoidance  of  unnecessary 
horizontal  areas  is  obvlo'is.  Surfaces  such  as  ledges  and  window  sills  may 
be  eliminated  without  detrlwnt  co  auructoral  design.  Roofs  and  ground 
areas,  the  main  recipients  of  fallout  material,  arc  still  Indispensable 
anl  must  be  tolerated .  However,  providing  a  prosilr.ent  alope  to  these  sur¬ 
faces  would  enaourags  the  mip-atlon  of  fallout  partielea  under  the  natural 
action  of  the  elements  (wIM  and  rain)  or  that  cf  radiological  rscevery 
(recloaatlon) . 

Horlznntal-to -vert leal  relatlonahipa  a-e  not  vnrticult.,,y  to 

targets  near  major  bodies  of  water,  where  a  wet  type  of  contcalnant  is 
likely,  ficpsriencc  l»as  shown  tiiat,  because  of  its  UrjuM  t^.rure  and  steall 
drop  size,  fallout  from  detonations  In  or  near  water  is  hlfdaly  capahl*  of 
sdharlng  to  any  surface  on  which  it  impacts  -  regsu-dlnss  of  orlentottoo. 
nrovlilng  the  relative  wind  valooity  is  sufficient,  cootsnls.'tios  of  ver¬ 
tical  surfaces  In  a  given  location  can  sqxial  or  exceed  that  of  relatively 
oorizontai  areas. 

c.  TT-oved  Materials.  Another  aspect  of  target  vulnarshlllty 
to  fallout~concern8  the  poyslco-cheaical  character^ sties  of  construction 
materials.  Roughness,  poroclty,  vcttablllty,  alco'ptlon  capohtlltles,  aol 
ebcmical  reactivity  are  all  a’urface  properties  that  can  favor  fallout  re¬ 
tention.  Tfte  sane  properties  are  also  respcnslbla  for  the  degrea  to  which 
contaminant  can  be  loosened,  I'zaoved  and  transported  by  weathering  and 
decontsEalnatton  processes.  C^refore,  to  reduce  contanlnahillty,  materlala 
should  be  smooth,  hard,  water-r-yellent  ard  chamlc  »'Jy  Inert. 

few  materials,  if  any,  exhibit  all  of  these  properties,  fortunately, 
where  dry  fallout  is  a;!tlclp»»tod  ,  9.1  u.vthncwS  is  the  most  important  factor . 
Jt  fallout  is  of  the  vet  tiT-*  l»pcnaaabillty  and  inertness  are  controlUrg 
In  -Ither  ease,  it  Is  often  possibV;  to  achieve  all  three  of  these  surface 
conditions  by  tl*  application  of  a  suitable  coating.  Hie  contamlnahillty 

1.  .Hefercnce  6  In  blbllofxaphy. 
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nf  «  glvan  material  may  bo  loducod  b>  a  prf>tcctlvc  film  which  eeala  pores, 
smooths  rou-;ti  suriaccs,  trrf  irpcseo  0  barrier  between  the  base  material 
ail  fallout  particles.  In  this  way  a  suitable  coating  can  reduce  the  deg¬ 
ree  of  fallout  jntraiment  that  would  othe*vlce  ncciu*  on  an  uncrotecte*! 
surface . 

It  should  be  pointed  out  t'uat  some  coatings  may  i]ig>alr  the  function 
of  a  aurface  by  maXing  it  too  sliopi  ry  for  bewrlr.g  traffic  when  wet,  le.sa 
fli'e-resistant ,  or  laore  expensive  to  maintain.  PurdiMjnjore,  available  paints, 
lacquers  and  sealers  do  not  as  yet  provide  the  desired  degree  of  protection 
to  ^  bulldlrg  materials  currently  in  use. 

d.  aa-x<th  Surface  IjysteBs.  !ISie  general  conflguraticn  of  a  sur¬ 
face  in  Bsnlxy  instances  is  more  Important  than  the  intlmsts  aurface  charac¬ 
teristics.  Itic  is  true  when  nuseroua  se»u93  and  cracks  occur  at  the  Junc¬ 
tures  of  exterior  co.ustructlc.".  mat-rials.  Spaces  between  shingles  and  the 
recessed,  porous  mortar-joints  between  bricks  sre  typicsl  exsstples  of  col¬ 
lection  pol.-.ts  for  fallout  particles. 

Ibe  designer  of  a  protective  struct'or-  is  faced  with  tha  problan  of 
giving  it  a  smoothly  surfaced  exterior  having  no  weak  structural  points. 
Revoapl.ng  of  present  surface  syctens  toward  reducing  or  ollclnatlng  fall¬ 
out  retention  points  is  no  slE^ile  msttsr.  Substitution  cf  materials  Is 
probsbly  the  most  procluing  a>>Pi'oach. 

FAdLITAnOH  OF  IMJUXJT  RIHiVAl,.  Ho  ■ati.er  Ciw  rieorously 
an  installstion  is  iealgnad  to  reduce  contselnability,  s  certain  anuunt  of 
fallout  will  be  deposited  aol  retained.  In  some  instances  tht  concentra¬ 
tions  may  result  in  cjrltlcal  radletlon  levels.  Becau/e  there  Is  no  metuod 
ef  nautralicing  radloaetiviti',  cuch  dcpccltc  cf  «—*—.<—■»*  ;  yl^ysl- 

eally  renoved  to  less  sensitive  areas  (cr  shielded  In  place). 

The  reawval  process  consists  of  s  vnrietj  of  fairly  straightforward 
teehni-jucu  suer,  as: 

1.  Washing  fallout  dep.'sltc  off  the  surfaces  and  into  gutter*  and 
drelnoge  systems  with  firehoses  and  aUect  flusbers. 

2.  Picking  up  and  collecting  fallout  material  with  street  swccpcri. 

3.  Burying  fallout  in  place  w*i,h  plows  or  new  earth  flU.l- 

4.  Removing  soil  plus  fallout  with  earth-moving  eqalpwnt. 


Tiiese  are  the  principal  ways  to  rid  a  given  surface  of  fallout. 

I.  Although  rot  a  tr-ie  removal  procese,  burial  Is  sn  affective  means  of 
reducing  the  radiation  levele  due  to  fallout.  It  therefore  falls  In 
thr  ;.-»re  general  cuajc  of  recia.'vttlon  which  Includes  both  removal  sr<t. 
burial  nctixxis. 


Bie  EurTT^tlon  of  xost-attnc).  rvco;;;iros,  ro'.oval,  to 

restore  a  contanlnated  facility  or  tarcet  cor-plt;:'  is  ternc'l  tr.e  radlcloci-* 
cal  recovery .  Recovery  has  tvo  facets:  the  cffcctivcoess  wUi  which  It 
rei  u  dv-'*  oy  rcnovln;;  contaniriajiti  and  the  coi;t  i.Teacurc;!  is  torcir.  of 
oporatisj  tice,  na..p-swer  cr  effort,  rail'otlo-i  e;:i)os  j-e,  a;vi  sq,ulpn3.'.t  c.rl 
supple  33  •  Cost  and  effectiveness  Influcrco  each  other  and  tl/:  acbievir.e 
of  recovery  in  a  nunber  oi*  ways: 

1.  Bie  effectiveness  nust  oe  groat  enon;^  to  reduce  the  radietion 
dose  rate  to  the  re^puired  level. 

2.  ilio  dose  to  recover;-  crews  will  Unit  tiie  length  of  tiry*  'ievotjd 
to  achieving  a  certain  effectiveness. 

3.  The  radiation  exposure  of  recovery  personnel  cust  be  justified  by 
reduced  e.tpcsurc  of  sdsslcn  personnel. ■*- 

1*.  Eie  effort  (tarpower)  a.nd  ioglstics  requlre.1  to  reclaim  the  instal 
latior.  oust  bo  con.patlhle  with  the  total  effort  available. 

Achieving  higi.  eflectlvenesB  at  reasonable  cost  is  possible  by  observ¬ 
ing  principles  of  protect* vo  construction  which  facilitate  radiological  re¬ 
covery.  3.030  characteristics  wi.ich  i.>ahe  targoth  ».d.  their  rater lals  lees 
contaalnable  also  layrove  their  lecontaalnablllty .  Because  of  thl;  C'^nple- 
nentary  arra.-.gcrMnt ,  the  principles  tdready  discusued  under  target  vulner¬ 
ability  (in  section  U-03.)  ««e  e<l‘iaily  appUcnhle  t.n  f- >< :  .t>>tlnr  ’■«cian«- 
tlon.  However,  there  are  several  other  important  factors  that  should  be 
considered. 

a.  Dr aina.ee .  .*.  carolete  lecontanl.nation  orocosc.  after  renovlne 

fallout  fraa  a  sensitive  area  au.st  sllov  for  Its  transportation  to  a  dis¬ 
posal  point,  such  as  a  stem  drain  or  sewer.  It  is  highly  desirable  to 
use  a  proced-urc  in  which  the  act  of  dislodging  particles  also  carries  them 
all  tiiC  yu^-  tc  the  disposal  area;  ruthni  than  i.avlng  than  reconta.'al.nato 
ai't  adjata..t  «.ti  require  ajhsctut*:.*.  rusi^vwl.  "*  weter  1-  u-ed  ».  tlm 

deecntasinatlng  aedia,  it  say  also  be  used  to  transport  the  dloturbei  par¬ 
ticles,  pro.iaed  prej/er  drolnare  ccndi,.iOn6  are  estabjlched. 

3ieie  a”e  two  principal  factors  1-^;  the  d<*vicr.  of  a  di'ainatvt  systen: 
first;  the  slope  rf  the  r.-a.nr.el;  second,  the  croa-  -..■vctioncl  sl^ape  of  tlx* 
cnannel .  T'.e  ©cat  efficient  trensp'‘.'t  la  prci'llei  by  deep  chaitnels  that 
achieve  hlgh-vclocity  t  irbulc.nt  flow.  Kan-ip".-  '"ttling  and  rodeposltlon 
results  fron  tnir.  water  fllr.s  novl.y  at  lew  •.oloclty.  r.arefore,  slopes 
slxxUd  be  grist  ctcurh  cr.tocllsh  a  positive  (end  pr-fvrably  a  hlph- 
velocity)  fl' w  rerarlicss  construction  varialloo.  An  aleiuttc 
roofs  a-tl  th'  area.-,  next  to  bull  Il.ngc  la  a-n  ini/ti-tant  featurj  cf  a  wull- 

?tri;;_nci  who  will  carry  on  the  rxnctlcn  of  the  fac'l^ty  >ncc  It  is 


felhriii  rArii^f  f  ‘i  1^  |‘| '  •  Ii  uif 


Intecrated  dralnac®  systea.  Since  run-off  water  collecting  In  aurface 
depressions  causes  considerable  difficulty  during  decontaialnatloD,  tbey 
should  he  elliolnated . 


Rainfall  Is  capaole  of  performing  decontamination.  Ilcwever,  It  may 
not  be  ver}-  effective  unless  the  target  is  designed  with  this  in  mind. 

Again,  controlled  drainage  conditions  arc  a  basic  requirement. 

b.  Accet-aiblUty  and  Semrlees.  In  lieu  of  automatic  ay  stems, 
the  best  sietbod  for  decontaninatlnc  roofs  Is  by  flrehoslng.  Zffectlve 
recovery  frequently  requires  that  crews  worh  directly  on  the  contaminated 
roof  surface.  Consequently  an  exterior  access  to  the  building  roof  should 
be  provided.  Built-In  headers  to  allow  ^se  connections  at  roof  level  will 
eliminate  long  runs  of  hoses  idil-:h  otherwise  would  have  to  be  lifted  IToa 
street  level. 

As  indicated  previously.  It  is  isqxsrtant  to  keep  recovery  operations 
as  Inexpersive  as  possible.  Where  ground  areas  are  concerned,  this  la  done 
with  mechanized  equipment.  For  e  given  effectiveness,  flrehoslng  a  paved 
eree  costs  fifteen^  tisKS  as  »*ich  manpower  (man  hours)  and  t*tr*  tines  as 
much  ridlatlon  exposure  as  motorized  flushing  the  same  area.  Ih  a  general 
wav.,  motorized  graders  and  men  using  bend  sbo'.'e.ia  can  be  eomparad  similarly. 
Oierefot  c,  areas  surr  jundlng  essential  buildings  shsula  bo  deslgaed  so  aa 
to  permit  use  of  the  most  efficient  type  of  eq:ulp(sent. 

Operation  of  street  sweepers,  trucks  and  other  large  ilgs  reqjiire 
eyeater  spacing  between  buildings  than  la  ncrmally  found .  Outbuildings , 
fences,  poles,  and  other  obstructions  tc  the  aaneuvsrahlllty  sf  nqitpamt  meet 
be  minimized  or  delated.  Roll  curbs  unobstruetod  by  lacr  poets,  aervlee 

poxes,  flUAX  l^ui'ttuxb  wxlx  wuv  um  of  ^t. *:-9t  flUehSiiTS  Ou  oldSValkS* 

For  similar  reasons,  rtetps  are  preferred  over  steps.  Xn  all  eases,  pavlag 
must  be  strong  enou^  to  bear  rolUog  stock. 

Although  a  .nual>er  of  effective  desontasalnatlon  methods  are  appUoshle, 
those  etsploylng  water,  ruch  aa  flrehoslng  and  Dotoria.xi  flushing,  are  gsa- 
erally  more  available.  For  this  renron,  the  dcaar.ds  on  the  water  supply 
to  a  tsrget  complex  aoj-  rival  those  experienced  when  flatting  fire” .  Xbe 
factors  which  will  tend  to  IncreaMe  the  reliability  of  the  water  supply  sys¬ 
tem  are  discussed  under  Improved  Flre-Fljfctlng  Capability  section  k-^.,c. 

c.  ;?p»clal  Deviw&.  Het i'.>r  automatic  reclamation  of  a  facility 
Is  deslrabXe  in  order  to:  (l)  aalntair.  continuous  operations  through  the 
fallout  period  witho’ut  sacrificing  the  stoff  or  crew,  (2)  further  reduce 

the  dosage  to  those  manning  the  facility  In  lieu  of  or  In  addition  to  pro- 
riding  shielding. 

1.  Reference  7  In  lilbllojyepr.y . 

2.  Reference  8  In  bibliography. 
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radiations  art  reapcnsitla  foi  this  ehealcal  action.  Tha  aaouat  of  loiii7.a- 
tioB  or  auabar  of  ion  paira  producad  bj  tha  radiation  aould  tbua  prorida 
a  basis  for  its  aaseureraot.  Although  tha  full  definition  la  aoaewhat 
■ora  iasolsad,  tha  roantgan  la  dafinad  in  tarms  of  tha  niiabar  of  ion  pairs 
fonsad  in  1  graa  of  air  dua  to  tha  pasaaga  of  gantaa  radiation  or  X-rays. 

A  dosaga  of  1  roantgan  rasulta  in  tha  absorption  of  about  8?  args  of  an-rgy 
par  gra«  of  air  dua  to  tha  pasaaga  of  gaopsa  radiation  or  X-rays. 

Tha  roantgan  la  a  Kaasura  of  tha  aaount  of  ionization  in  air  at  a  glvan 
location,  rathar  than  of  tha  radiation  absorbed  by  an  individiMl  at  that 
location.  The  radiation  dosa  ir  roantgena  ia  thus  rtfarrad  to  at  as  "axposura 
dosa".  la  oi-dar  to  dlatinguiah  thla  froa  tha  '*abaorbad  doaa"  (partainiag 
to  tlaaua/  anothar  unit  la  raquirad.  Ona  auch  unit  la  tha  "rad".  It  ia  ds- 
finad  aa  tha  duaa  assoclatad  irtth  any  nuclaar  radiation  which  la  accoapaniad 
by  tha  abaorptlon  of  100  arga  of  cnargy  par  of  aatarlal.  Since  a 
dosaga  of  1  roantgan  raoulta  in  tha  abaorption  uf  about  97  arga  par  graa  of 
soft  tiaaua,  the  difference  between  numerical  ealuas  of  tne  roentgen  and 
the  rad  is  inaignlflcaut. 

Two  types  of  aeasureaaat,  both  of  which  have  iaportnnt  uses,  are  aade 
radiation  Inatru'ser.tri.  Soae  record  tha  total  rndiati^'  dosa  (or  aaount) 
ia  roantgans  racalvad  during  an  azpoaura  period.  Others  iadicata  tha  done 
rata  axprassad  ia  roaatgaua  p«r  hour  or,  ter  aaallar  doaa  rates  la  allli- 
roaatgaas  par  hour  (a  ailliroantgatt  ia  ona  thousandth  of  roantgan). 

c.  Saatai  Badiatlon  Hazard .  Because  of  their  iorlaing  power,  auf- 
ficiant  aj^sura  to  aax»a  rays  any  causa  serious  illnaaa  or  death.  Tha  aag- 
aituda  of  radlatloa  slcknasa  and  tha  epaad  of  onset  dapaad  prlneipally  upon 
tha  total  dosa  raealead.  Bowasar,  done  rata,  axpoavta  aa^ueaea,  and  length 
of  aaposura  are  also  iafluaaclng  factors* 

Biological  affects  of  ionising  radiation  art  uauall,;  apokea  of  na  baiag 
aithar  acuta  or  delayed.  Acuta  affects  ara  thoaa  occarring  wlthla  approzi- 
■ataly  oaa  ssnth  of  radiation  aspnaura.  Delayed  (or  lata)  affects  ara  these 
eccarriag  aoatho  or  area  years  after  axpoaur#.  laakaala,  cancer  sad  abort- 
aalBg  of  tha  life  span  are  aoaa  of  tha  poasitla  lata  affects. 

Table  >-111^  shows  acuta  affects  predicted  for  various  deaagaa.  The 
azposara  tiaa  for  all  docage  ranges  glean  is  between  2U  hours  and  ona  weak. 

Tha  husan  body  is  kcown  to  bsva  a  liaitad  atili*^r  to  repair  radiation  daa- 
aga.  Bacatiaa  tbla  raroeary  factor  ia  rot  aigniflcant  during  a  prolonged 
aaposura  p'eriod  of  ona  week.  Its  affects  are  not  raflaetad  In  table  J-IXI. 

d,  Dosa-Diatnnea-Veapoa  Yield  PaiatlsnaHics.  Tha  ■agrituda  of 
tha  dosago^froa  tha  initial  nuclear  radla.ion  depends  upon  waspoa  yield 

1.  Bafaranea  i  of  bibliography. 


Hie  vaahdovn  systx,  already  proven  in  the  protection  of  ships,  can 
also  be  ucod  to  decontaminate  building  roofs.  An  its  name  iii5)lie8,  wash- 
dowi.  flushes  away  fallcut,  lacediately  upon  arrival,  througli  tiic  flooding 
ucuion  of  nuraerous  vater  sprays.  Since  washiown  can  be  activated  prior  to 
the  fallout  event,  it  vlU  prevent  the  build-up  of  ccntamlr.ant  on  rcof 
surfaces.  Ln  this  way  vashaown  reduces  the  dose  rate  earlier  than  manual 
decontanlnaticn  methods  can. 

Another  system  of  fallout  protection  for  atructures  eaploys  disposable 
surfaces.  Tnls  may  consist  of  a  canvas  cover  that  rolls  up  like  a  window 
shade,  or  it  mcv  Bcraly  be  a  strlppable  coating.  Die  former  cculd  be  actu¬ 
ated  automatically;  the  letter  wild  have  to  bo  retnoved  by  ii*i'»iel  decon¬ 
tamination.  Paints  that  are  capable  of  being  stripped  by  "did  alkaline 
solutions  have  been  developed  for  tnooth  metal  surfacec. 

d.  Lend  Area  Reelarntlcn.  J-Iany  Installations  ore  closely  sur¬ 
rounded  by~unrtvei  areas,  i.e.,  unlr^iroved  ground,  fields,  gra'^lad  areas, 
oiled  dirt,  and  laiKUcap^  ^O’lnls  such  as  lavns,  flo%«r  beds,  ete.  The 
bcslc  methods  of  reclaiming  land  areas  In  order  of  Increasing  effectiveness 
are:  mixing  by  disking  or  rototUdlng,  burying  by  plovlng  or  filling,  and 
removing  surface  layers  by  (grading,  scraping  etc.  The  *t>i.cese  of  the  latter 
technique  la  due  to  the  transport  of  the  fallout  (along  wltli  tM  stir  face 
material  over  wnlcn  It  was  distributed)  away  frrr  “h*  area  to  a  remote 
dlspocai  pclnt.  l!cny  kinds  of  equipment  are  available  for  .•.cil  rmaoval, 
but  the  two  most  suited  for  this  purpose  are  the  motorized  graler  and  the 
notorized  scraper. 

3uccessful  land  rcclonatlon  is  dependent  upon  the  soil  conditions  and 
ti-e  terrain  cha.'aetcrlstlcs.  Generally  speaking,  a  saocth  flat  ten~aln 
arl  a  soft,  moist,  cohosl’/o  rliable  soil  are  charact  Jrii.tiCD  confuci’/e  to 
«rr«ciivc  daccr.tc."imtion.  Only  a  very  thin  (2  inch)  layer  of  such  a  soil 
need  be  removed. 


Factors  that  would  obstruct  effective  reelaar.tloD  are  uaewn  ter¬ 
rain  that  ca-uses  spills,  rocks  that  leave  voids  ’Aen  remn-.-ed  a.Td  interrupt 
smooth  equlpoent  u^ot^eca,  uncoapacted  soils  that  provide  poor  loadir.g 
charactarl-tlcF,  and  dry  soils  Wiat  enhance  resuspcaslon  and  spills.  Uhder 
thece  conditions  deeper  cuts  and  repeated  operations  are  necessary  la 
order  to  obtain  appreciable  effectiveness.  Deep-rooted  stringy  plants 
that  do  not  pull  free  with  a  shallow  cut  causa  lc*ul  spills.  Scallow- 
rooted  vegetation,  which  s-rves  as  a  surface  binder  only,  cuts  fVealy  and 
also  prevents  the  oit  sod  f.oa  breaking  up,  thereby  facilitating  removal. 
Finally,  laj-ge  shrubs  and  trees  obstruct  the  profipress  cf  notorized  equip¬ 
ment  and  the  reclanat lor  operation  and  should,  tl^srefura,  be  ainlaized. 

U-05.  nrr'SACTIOn  of  SHELiairW  AIJD  RaCOViST.  T».e  preceedlng 
sections  have  Introduced  many  protective  principles  fer  lessening  the 
potential  threat  of  fallout  to  the  occupants  of  b-olldlrra.  Although 


discussed  ladivldual  l/j  obvlausly  tbs  various  principles  do  not  \x^rk  In¬ 
dependently  but  are  Interrelated.  Qic  ccB^lestentary  relatlonsnlp  between 
reducing  target  vulnerability  and  facilitating  radlc'ogical  recovery  was 
noted  earlier.  Equally  lusportant  to  the  perforaance  of  protective  con- 
stroctloa  Is  the  Interaction  of  shelter  effectiveness  vltb  that  of  recla- 
■atlon. 

Ibe  full  significance  of  this  relationship  becoe»s  clearer  after 
first  visualizing  the  ensrgency  situation  precipitated  by  a  cootsailnniing 
nuclear  attack.  It  oust  be  assumed  that,  upon  receipt  of  warning  or  dur¬ 
ing  the  actual  attack,  personnel  will  seek  vbe  physical  parotactloD  of  the 
nearest  structure,  presence  of  fallout  will  require  an  extended  per¬ 
iod  of  stay  within  these  shelters  after  tenaination  of  the  attack.  In 
areas  of  high  radiation  Intensity,  stay  times  wlU  be  proportionately 
long.  Under  such  conditions,  the  earlier  obsarrance  of  the  principles  of 
shielding  and  distance  protectlou  (which  cosprlse  shelter  effectiveness) 
will  reduce  the  accuaulated  dose. 

Eventually  personnel  oust  eawrgs  fkoa  covvr  to  Initiate  the  recovery 
operation.  If  the  protective  principles  which  permit  the  efficient  por- 
fOrnance  of  such  an  sffort  haArs  been  obeyed,  the  doee  to  iscovery  and  nla- 
slon  personnel  will  be  further  reduced,  and  shelter  stay  times  may  be  ap¬ 
preciably  shortensd.  Ita  this  wsy*  the  protective  principles  responsible 
for  the  reclamation  effectiveness  of  an  installation  exert  a  eorntrolUng 
Influence  upon  the  shelter  effectiveness.  Tlgure  daaorxtretas  this 
Interaction  with  a  family  of  paired  curves  for  maxlias  permissible  scqvMure 
(MPE)  of  100  roentgens  and  1^  roentgens  respectively,  oecuzrlng  during 
the  first  year  following  a  eonteadnatlng  event.  Each  pair  of  constant 
exposure  evarves  is  plotted  fOr  a  di  Cerent  radiation  field  intensity 


The  many  rndflcatlons  of  such  a  plot  are  best  onderstood  by  studying 
one  cxrve  st  a  time.  Chooelng  the  uppermost  curve  ait  a  standard  Intensity 
of  300  roentgens  per  hour,  the  maxliaas  permissible  exposure  (for  the  first 
year)  nay  be  held  to  I7O  roentgene  by  staying  two  •lays  la  a  baasaent  or 
multlstorled  building.  If  the  dosage  rouucllon  (vfi'ectlvenssa)  by  shelter¬ 
ing  is  between  0.01  to  0.001  and  that  due  to  reclaraatlen  is  0.2^,  respec¬ 
tively.  Wiere  abelter  effeetlveneje  Is  not  as  great,  tbs  rveovery  effec¬ 
tiveness  aust  necessarily  increase.  Tor  instance,  a  otw-story  concrete 
building  whoee  sheltering  effectiveness  is  only  0.1  requires  a  recovery 
effectlvsoass  of  0.13,  In  order  to  not  exceed  the  stipulated  maxlami  per¬ 
missible  exporire  and  stay  tlsa. 

1.  tiei'eretice  ^  in  blbllcgrapfay . 

2.  Ibe  radiation  dose  rates  (roentgens  per  hour)  are  all  shown  at  a  com¬ 
mon  tine  of  one  hour  after  biurst  and,  os  such,  are  called  "standard 
Intensities”.  Ih^sentlng  the  levels  in  this  way  provides  a  convenient 
basis  for  eoeparlson.  Ibe  values  shown  were  srbltrixll^'  chosen,,  but 
standard  letencitles  may  be  obtained  tren  axlstlng  levels  by  extrapolat¬ 
ing  the  curresponding  decay  curvet.'  back  to  one  hour  as  shown  by  the 
.lashed  line  In  figure  3-4. 
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Flcur«  Heist tonshlp  Betw»en  Shelter  aM  Rsclamtlon 

ETfcc'  Ivesiejfl  ior  lOO-rocr.tgen  and  15Cf-roe^t»n  Dose  In  1 

Year. 


The  f.ther  ntrvpn  mf  <n».»rni  O-Jfct 

in  standard  Istensltlea^  the  stay  tines  and  the  respective  offectlvenesses 
needed  beccae  pncrvsaiv^ly  srestcr.  At  the  sane  tine,  the  choice  of  pro¬ 
tective  types  of  strut;''  cz  dlalnishes »  One-story  concrete  building  (and 
ft-KM  d-jel^.t^,  of  course)  are  shown  to  be  in»ie<iuate  for  atawiard  Inten- 
altiestf  jOOO  roentgens  per  boiff  end  greater.  -...Is  voula  be  true,  for 
stay  txnes  of  11  days  cr  rrre,  ever,  if  the  contribution  by  .'ecovery  vaa 
beyond  all  practical  Halts  -  aa  indicated  by  the  steep  d.wsjward  trend  In 
the  curves.  The  horliontal  portions  of  the  curves  Indicate  that  there  will 
always  be  a  ainisua  reclaration  requl-oaent,  aven  for  underground  abeltera. 

A  set  of  curves  such  aa  tb:s«  i ;  fig-irc  ir  of  graat  velJie  In  de- 
acn3->:rirttr!g  tiie  lntcrleper.4ence  of  ahsltar  specif.'  .atloaa  and  reclaantlwi 
requirements.  Had  different  naxlaua  peralssllle  expos.ireo,  stay  tines,  or 
standard  intensities  beer  selected,  the  curves  would  have  changed  only  in 
aa^iltude  but  not  in  tbeir  characteristic  fora. 

^-06.  JROmrii'S  B^YnSTTS  AQAIHST  HBAT  A.TD  fire,  as  pcLnted  out 
earllar  in  this  Section,  aany  of  the  principles  based  on  radiological 


conaldtratiuns  also  prorida,  in  varying  degrees,  soma  increased  procectlon 
against  tha  aora  ijsnedlata  blast  and  thermal  affects.  From  the  data  in 
figure  >-12  and  table  1-1,  it  is  clear  that  the  range  of  serious  thermal 
affects  may  reach  beyond  the  zona  of  physical  destruction.  Since  the 
above  principles  find  thalr  greatest  application  in  the  regions  outoide 
this  zone,  they  can  also  bt  usad,  for  the  moat  part,  to  lessen  tho  danger 
from  hent  and  fire. 

Although  the  flash  of  thei-mal  energy  accompanying  a  nuclear  datonstion 
•ay  be  injurious  cr  lethal  to  exposed  personnel,  simple  ahialding  aill  offer 
sufficient  protection.  Of  fsr  greater  consequence,  however,  are  the  incen¬ 
diary  effects  that  soon  follow.  There  are  two  general  ways  in  which  fires 
can  originate  in  a  nuclear  explosion.  First,  the  ignition  of  paper,  trash, 
window  curtains,  awnings,  excelsior,  dry  grass,  and  leaves,  could  result 
directly  froa  the  absorption  of  thernsl  radiation.  Second,  Indirectly 
from  the  destruction  caused  by  the  blast  wave,  fires  can  be  started  by 
upaet  stoves  sad  furnaces,  electrical  short-circuits,  and  broken  gaa  lines. 
No  Batter  how  the  fire  originates,  its  subsequent  spread  will  ba  datermlned 
by  the  aaount  and  uistribution  of  combustibla  aaterlals  in  tho  vicinity. 

The  potential  for  initiating  flrea  by  thermal  energy  ie  a  givan  loca¬ 
tion  nay  be  expressed  la  teraa  of  the  "density  of  ignition  poirts".  This 
refers  to  ths  frequency  of  combustible  aaterlals  which  might  bt  expected 
to  ignite  when  exposed  to  3  to  5  calories  per  square  ce..limeter  of  radiant 
anargy.^  A  typical  distribution  of  ignition  pclnta  per  acre  in  Xarga 
American  cities  is  presented  in  figure  a-7.^  The  incidence  of  primary  ig¬ 
nition  paints  at  military  stations  should  differ  livtxe  frcr  the  neigh¬ 
boring  eosmunitiea.  It  should  be  understood  that  the  graph  iLorely  indicates 
the  relative  chancea  of  fires  originating  la  various  pa-ts  o!  s  city.  Ths 
fersutios  of  signlficsat  fires,  capuble  of  spreading,  requires  apprtclsbla 
Quantities  of  combustible  eateriaiw  -ww-W"  v-«  this  rcssss,  hnswlcdgw 
of  the  eloaeaeas  sad  combustibility  of  structures  la  s  built-up  sres  Is 
also  required  In  order  to  eetlBHte  the  probaillity  of  the  growth  and 
scresd  of  large-scale  flrer. 

Experience  baa  shows  that,  weather  and  terrain  being  the  same,  the 
lower  the  building  density^  of  an  area,  the  amall'r  will  be  thn  probability 
of  fires  spre:*ding  to  other  structures.  An  approximate  relationship  bet- 
waaa  pro^bllity  of  fire  spre.>d  end  building  dvuaity  ie  preeeated  in  fig¬ 
ure  b-8.^  A  simplified  aaslyaie  of  this  curve's  significanca  is  gi»ea  in 
Uble  b-1.2 

la  addition  to  building  dansity,  the  actual  aizea  of  the  epaces  or 
fire  gaps  between  buildings  exert  s  strong  influence  upon  'he  chesecs  of 
fire  spread.  Figure  gl?ee  s  rough  plot  of  bow  the  probability  of  fire 

1.  Pefer  to  Table  3-lX  for  a  list  of  riammable  materisle  in  this  range. 

2.  Neferenee  >8  in  bi'oliogrephy. 

3.  Building  density  equals  ths  ratio  of  roof  ares  to  toUl  ground  sres 
la  a  rtartinilar  re^on. 

A.  Reference  1  in  bibliography. 
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.Ap;.t  liApjfAC’-p  n: 


Pltjire  U-7.  Pirequency  of  Exterior  Ignition  Polntc  for  Various 
Areas  In  a  City. 


spread  depends  upon  tbe  avera^^  distance  betvcoa  buildings.  >Vcs3  the  steep 
portion  of  the  curve  It  appears  that  the  chances  of  flrt;  spread  essune  an 
appreciable  nagnltude  when  fire  gapo  becojvs  less  than  100  feet. 

An  understanding  of  the  conditions  of  fire  l^ltlPn  and  cpreol  ’"o'-ar; 
clear  hov  several  of  the  principles  developed  for  fallout  protection  car. 
greatly  reduce  tbe  hacardaas  tlicmal  effects  of  nuclear  o;qilosiciis . 
foUovlng  sections  present  these  principles  anl  supporting  corollarlon  as 
well  as  various  mans  for  trelr  implcaontatlon. 

a.  Reduction  of  Ignition  Points.  The  Incidence  of  potential 
i^ltlon  polntF'nay  be  decreased  by  the  reiaoval  of  kindling  materials  -  at 
the  same  tlxae  asking  areas  clear  and  accessible  for  decontonlnatlon.  Thia 
Includes: 

(l)  Hauling  avay  all  trash  and  avoldL-.g  its  coUectlcn  in 
open  piles  near  buildings  or  cssd>ustiblje  equlpnent  and  supplies. 
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Flt^ure  U-8.  Protablllty  of  Fire  Sporead  as  a  Function  of 
SJUllnc  Density. 


Table  4-1.  Slffilflcan-e  Renee*  of  nmMini:  Oisusli.y 
Versus  Cs.ii?iiii2ed  Ircendlary  * , 


Bulldlne 

'^nslty  (*t)  Htlated  Incendiary  Sffecfca 


0-5  Fire*  do  not  usually  •jaread  teycnd  builiinc ;  In  vhfch  they 

originate,  alnce  large  open  areas  eonstltuta  aajor  fire 
breaks. 

6-20  Sens  fire  spread  Kay  occur,  but  a  iii*'ts  fii-i  la  unllkaly 

unless  a  large  anount  of  kindling  »i  1»  avatlabla. 


over  20 


FrobablUty  of  aas*  tiro  le  greatly  Increased  orovidod 
density  extunls  over  an  arer  of  one  square  olle  or  more 


«  te  <00  •y>  too  t'.o  ic: 

•lOTo  ri*f  cr  I ) 


Fii>xro  l*-9.  Rrobailllty  of  Fire  Spread  Vertoa  Width  of  Fire  Gap. 


(2)  Airing  wirh  lirltahie  Iteiss  er  -sope  veil  away  Traa 
t'llldlngs  liavlng  hurneble  exteriors. 

(3)  EllnlnatlJJC  all  rotted  portions  fros  exposed  vooden  con¬ 
struction  and  striving  for  a  high  level  of  atlntor.  nee .  cie  substltatlon 
of  flra-reslstont  Eiatarlola  (concrete,  trlcH  and  notal )  for  wood  Is  advis¬ 
able  -  particularly  In  r.cv  construction  where  the  increased  cost  can  be 
easily  iolnljsizod  (or  Justified  froB  th.:  ctarsipolr.l  of  Increased  goCKia 
shlelxlln-j)  • 
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(4)  Avoiding  the  use  of  dark-colored  or  otbervise  cob£.uc- 
tlble  fabrics  tind  Interior  matertala  that  nay  be  axj^aed.  ai  windovs  or 
ether  openings. 

b.  Shielding  of  Flargable  Materials.  A  naotor  of  aaterlals  cap- 
a>le  of  starting  or  supporting  fires  cannot  always  be  renoved.  Several 
neasures  may  ’'e  taken  to  protect  these  ncterials  freos  the  thernal  flash. 

(1)  Store  oil  unresuved  traah  In  clc'sed  aetal  or  concrete 
containers.  She  buried  types  are  Ideal,  since  they  cannot  be  tipped  over 
by  blast  forces  and  their  contents  spilled.  In  addition,  these  flush 
Bounted  containers  will  not  Interfere  with  tbs  recovery  effort. 

(2)  Reaove  entry  ports  for  themal  radiation.  Sew  construc¬ 
tion  can  be  oade  windowless,  thus  ellnlnating  areas  of  tero  shielding,  ac- 
lstlr.g  windows  can  be  blanked  off  with  f Ire-rssl  stant  sheets  of  transits 
and  asbestoc  ur  dense  gassa  shields  of  aetal  or  nasonry.  Other  practical 
posslb^lltius  are  the  use  of  reflective  coating*  vutatlac  bllr^,  nonflaa- 
BBble  curtains,  sh-itters,  and  awnings  over  wind  a.  T»hle  4-ir Indicates 
the  effectiveness  of  soae  window  coverings  in  reducing  entry  of  theriul 
radiation  to  building  Interlcrs. 


Table  4-11.  Hed'actlai  of  Interior  Iherml  Ran  tat  Ion 
by  Window  Coverings 


Material 

fereent 

Seduction 

Window  glass 

0 

Al.’ssln’jB  shade  (including  soreen) 

70 

Aluclnun  Venetian  blind  (slats  closed) 

96 

Alunlnun  Venetian  blind  (slats  at  43®} 

30 

AlugunuB  Insect  screen,  24  x  24  and  20  x  20  asAes 

50 

Alualnm  lijsect  screen,  l4  a  lo  aeeh 

35 

Coating  on  glass  •  Bon  Anl 

50 

Whiting 

90 

Opaque  paint 

35 

5^. 
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(3)  Use  rpc;ial  coating  such  as  fire-retardant  (intuaes- 
cent)  paint  aid  therno-shl elding^  (sacking)  paint  which  prevent  excessive 
temperature  rises  and,  hence,  the  outbreak  of  fire.  Regular  paint  will 
have  soiue  value  If  It  is  light  enough  In  color  to  be  reflective.  All 
coatings  should  meet  the  rcqulrciscnts  expected  of  radiologic  ally  protective 
coat Inga. 

(4)  Take  advantage  uf  bills  and  adjacent  struct’xres  to  nro- 
vido  shielding  from  thermal  (and  direct  gassBa)  rallattona.  This  apT'H^? 
to  people  as  well  as  the  location  of  buildings. 

(5)  Screen  flaanabli  structires  or  positions  of  structures 
by  means  of  smoke  screens  or  even  a  vashdovn  system;  use  of  these  assumes 
sufficient  warning  prior  to  attack. 

£•  lPpro-/ed  Flre-wiphtlng  Capability.  Z~  spite  of  the  obuerv- 
ance  of  the  foregoing  prlnclpdes  a  certain  number  ef  Igr.ltinn  points  will 
either  go  unnoticed  or  must  be  tolerated.  It  is,  therefore,  necessary  to 
plan  for  the  earl;/  extinguishment  of  any  fires  that  could  result  oefore 
they  reach  Berlcir.  proportions.  .*Sjch  pla.bnln/t  .must  obvioualy  Include  the 
services  of  u  noieni,  welu-equlppcd  fir-  department.  .Not  so  obvious  Is 
the  fact  that  e-nr-y  able  bodied  person  at  an  Installation  can,  If  prt-'jjerl/ 
trained  a-d  equippoa,  co.-.i.-ibuie  t^javil;,'  ny  smifri...:  cut  incipient  fires 
th-is  freeing  the  p.-oc»-Etcrcil  crews  to  eo.ncontrate  on  the  jarjer  IIb’or, 
This  actlcr.  r.-..-.  usuall/  u<s  conpleted  cecoj-e  the  arrival  of  .allout . 

The  success  of  both  this  "first  aid"  and  the  conventional  tvpe  of  ffi-e 
fight ir.G  is  largely  dependent  upon  the  read;/  availability  oi  water.  For 
this  reason,  tuxl  because  of  the  critical  role  of  water  1.-.  ixcovery  opera¬ 
tions.  certain  aeasuies  wruld  Incrt-a-se  tbe  eeiinbnt^y  Th« 
water  supply  system. 


(i)  To  relieve  the  strain  on  the  pi-lncipal  water  auppl-'  i-r 
because  of  its  pcsslblo  loss,  auxiliary  reserve. lie  arc  desirable.  Other 
soiirces  svep  ,,c  svl.cEilig  peels  uni  :«arl;y  la.kes,  l-.trr",  ccnals,  etc., 
rbo'ild  be  explored . 

(2,  A  nctvcr,c  of  l.idcpende.-.t  *..tcr  syst.'su'  vhich  cui;  supple¬ 
ment  each  other  are  ad'/lsabl'  for  large  complexes.  Important  areas  should 
fed  by  two  jorw»r=te  systeas  from  two  direction. . 


Tests  eoraicwod  at  .’DOL  (see  Reference  10)  indicate  that  a  sebacic  acid 
.ngredlc-nt  oo'dl,  by  iia  interposition  of  a  sell’-gororatl.ng  arvoke  screen 
between  th.;  substrate  ar.-l  the  radiation,  lever  the  te.“  crat-u;-e  of  Ilnvy 
^ay  paint  by  7  do  -R  roj-sent.  Tills  depcnl.n  upon  the  IrradJanco  level 
(5  to  22  cslorloo  per  ctuu-e  centimeter  per  scco.nd)  a.nd  the  simulated 
weapon  yield  (20  klloto-.s  to  10  megatons). 

A  plentiful  ii.rtrliutlon  of  fire  ext Ing-ul shirt,  axl  buckets  of  vster  or 
sand  wo’uld  an  vo  wt  11  in  this  phare . 
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(3)  Sufficlsnt  outlets  sad  valving  aust  ba  frortdvd  to  in¬ 
sure  full  coverage  and  flexibility.  At  least  one  hydrant  should  b*  Tneated 
near  each  street  intersection  but  «.lvar  of  the  curb.  Capacity  and  fre'',uency 
of  hydrants  will  depend  upon  distance  between  intersections,  building  density 
and  value  or  iaportance  of  property. 

d.  Prevention  of  Fire  Sj^read  by  Dispersal.^  The  spread  of  fires 
over  sn  installation  aay  be  furtner  inhibited  by  adjusting  the  spatial 
arrangeaent  or  distribution  of  buildings,  i.a. ,  extandiag  the  principal  of 
orientation  and  location.  This  is  iaplied  by  the  building  density  curve  in 
flguru  4-8.  Frca  the  interpretation  given  in  table  4-11  it  appears  wise  to 
•aintaln  a  density  as  far  below  20  percent  as  is  conenaurate  with  the 
function  of  the  installation  in  question.  Achieving  such  a  eondltioB  re¬ 
quires  the  enactaent  of  one  or  core  fonts  cf  dispersal. 

Creation  of  fire-breaks  by  separating  individual  buildings  represents 
the  lowest  level  of  dispersal.  As  is  indicated  by  figure  4-9,  large  fire 
gape  are  not  usually  practical,  however  effective  they  nay  be,  against 
ordinary  fires.  Parapeted  fire  walls  and  aoderete  fir#  gaps  which  will 
accomodate  firefighting  and  radiological  recovery  equipaent  represent  a 
eoaproa.se  solution. 

A  higher  level  of  dlapersal  involves  the  segregation  and  isolation  of 
building  groups  within  sn  in .tallation  according  to  function  snd  eonatruc- 
tion.  Hospital,  adalnistratlrin.  and  school  areas  should  ba  kept  aeparatw 
froa  shop  and  storage  areas<  Ideally,  all  teapcrary  stmcti’me  should  be 
replaced  by  structure.^  that  offer  protection  agaitai  the  tiu-at  ct  flr« 
and  fallout.  At  the  aaae  tie#  new  structures  aust  be  Ineated  (upwjmd  if 
pOMible)  froa  old  vulnerable  euildisgs.  Functional  areas  such  aa  parade 
grcunne,  perking  areas,  recreation  fields,  fumiah  aatvnl  fire-breaks  for 
•  </  V.tlg  vf*e  uvwli  vvi  uwgivw  wf  aevlatiwO.  A  fllw  aew  wpr* w.' ■  toly  aSC 
few.  wide  (tee  figure  4-9)  will  insure  elsost  coaplete  eontainaeat  of  a 
fire  in  a  given  area.  These  breaks  should  occur  in  iatervala  of  not  acre 
than  1000  feet.  Thia  acre  open  fora  of  dlapereal  will  perait  an  aerodynaaie 
orier.tatisn  sf  buildings  with  respect  to  tha  prevailing  winds  (and  each 
other)  so  aa  to  reduce  the  collcctior  of  fallout  (see  Section  4.3.1). 

Isolation  of  sn  entire  military  base  froa  any  cosbustible  aurroundlsgs 
constitutes  dlspercal  in  its  broadvat  sense.  By  bordering  Its  perlaeter 
with  freeways,  narah^lllng  yards,  wst-rwajra,  golf  courses,  etc.,  an  instal¬ 
lation  can  laaunine  Itaalf  froa  the  firs  sueceptlbllity  of  outlying  regions. 
Such  cxtrxee  Ciepersal,  however,  will  offer  little  or  no  advantage  radio- 
logically. 

4-07.  PSOTECnCN  BE:nTTTS  AOAXilST  BUST.  Of  the  bealc  prtnclplee 
given  thus  far  only  shielding  and  orientation  and  location  are  applicable 
to  blaat-proteotlve  cobstructlcn.  When  properly  reinforced,  shielding  any 
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lerkl  a  nodicur.  or  blaat-rocistancc  tu  a  particular  structure,  M#-/  imu;.! 
blast  protection  can  be  procurcfl  only  tla'ough  spcclnlly  desi^.od  instruc¬ 
tion  such  as  undcrryc-tn  i  shcHcrr. 

5Sic  deiu’tte  ot  blast  protection  available  In  exiEtin^  above-  Tou.’'! 
structures  ranco'.  fron  the  stror^cBt,  represented  by  heavily  fi-uiv;!  steel 
and  rcir.forcei-concrote  builJlr.ee,  to  the  practicoUy  nonroslstarit,  shed 
type  structures  V-avlng  Uiyit  f-ieaec  and  lorij;  lunsunported  spans,  ikjle.'tlnj 
the  desi(jTi  rctiuires  sone  knovied.ye  cl  the  expected  dyiinrilc  loading  to  vhicii 
it  \(iii  be  o;b.!cctel.  IT!"  blast  forces  a-vi  their  effc-ots  arc  a  function 
of  both  the  va:'laticr  of  th ;  shock  wave  with  tlac  and  of  the  disjensions  and 
Btrcr.cti'  of  the  structx'-e  itself  Isce  section  3-C2).  Tnese  In  turn  depend 
upon  the  iccatir.'  of  the  faclldt;/  relative  to  the  probable  point  of  deto- 
r.atlor.,  tlie  wcapxou  loll,  o-td  Its  heicht  of  burst.  Postulating  these  con¬ 
ditions  pernits  structural  analysis  to  detomine  the  properties  necessary 
for  a  elver,  irstallatlcn  to  withstand  the  predicted  explosive  forces. 

Without  C'^l.nc  into  further  detail  on  t.''e  conpiex  sucject  of  structural 
resistance,  four  criteria  me  listed  below  for  ialrilxslilr.ii  blast  as 

well  as  the  ether  weapon  effects. 

1.  Windowless  buildir.i’s  of  reinforc'vi  concrete  prc.’l'le  the  (p'eatest 
blast  pr*‘.e:r.l,-in  little  above  that  of  exusi-.ti  cor'.structlon. 

isulldin.TS  whose  ettcrior  concrete  jsentrenes  are  pierced  by  siaaul  wind-nns 
are  next  in  order  of  blast  resistance. 


2.  Cellular  cc.rutruction  utilizing  a  oysten  of  blfjc-strenttb  (shear) 
walls  la  e  practical  and  econcalcal  way  of  achie-rt.r.g  th*  r*jne  degree  of 
protection  referred  to  In  (l).  2/en  when  lialted  tc-  •tair  wells,  elevator 


of  ^eat  stre.ngth.  S.'. 
by  the  replaceaent  of 
tlc'uiarly  when  laid  ou 


istlng  bulldingb  nay  also  be  r-ubstant tally  bolstered 
l..tcrlor  wails  and  partitions  with  shew  wells,  par- 
t  on  a  cellular  '■cheae. 


3.  Tt.e  UB*  nf  >Tl*.tlc  setcrlals  and  conponwots  buch  as  glwso  w.id  un- 
jrelnforeod  ooncrute  .r  tia..xiiu’y  Eho'uld  be  avoided.  These  fall  under  rela¬ 
tively  low  blast  pressures  and  foins  dangerous  rlsslfes  By  the  seat  token, 
fixtures  and  or-accntal  plart*-  or  other  interior  treutaent  that  Bight  be 
shocked  liw.e  rheudd  be  euli.lnated  If  possible.  Where  window.s  are  Irvdls- 
pc,.i.utle  their  area  s.noul!  cs  rd.n'nloel,  Rrotocci'."e  screens  of  i/4  incli 
hviTdwarc  cloth  a.”o  recorroended  5  'sidf*  of  winderwe  to  stop  flying  fra/yoerds.^ 
Terrpered  plasi,  xu-  rde.;!!':  ’.''’u-i.ncb  thick  Is  app'oxlcustely  5  tliaes  stronger 
tiian  safety  glu.,u  or  vireJ  .ylasc  of  e-julvaicnt  thlchness. 


4.  ilde-on  blast  prjsS'ures  be  rfeiluced  by  orleitlr.g  buildings  so 
as  to  pref;ent  a  cinljnuc  cf  fro.nto.'.  area  to  the  approaching  thock  wave,  of 
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course,  this  presupposes  that  a  reasonable  estlsiate  can  be  Mia  of  the 
anticipated  explosion  center  relative  to  the  building  site  location.  Fur* 
tier  reduction  la  blast  damage  la  possible  by  taking  advtsatags  of  the 
shielding  offered  by  hills  and  by  stronger  and  larger  structures.  Where 
space  peralts,  buildings  silght  even  be  separated  so  as  t-o  reduce  the  like' 
llhood  of  damage  froa  debris  originating  In  veaker  structures  that  may 
oltlaately  be  destroyed. 

4>06.  atlMART.  A  mad>er  of  principles  have  bean  preaaatad  for  tha 
protection  of  facllltlaa  azki  tbalr  personnel  fro«  fallout  wd  Ite  effOnta. 
In  certain  instances,  these  principles  also  have  been  ahovn  to  offer  pro* 
taction  against  blast  and  therssLL  affacta.  Thaaa,  however,  are  aonalAarad 
to  be  fkinge  benefits .  nia  guiding  purpose  behind  the  foregoing  prlasiplee 
is  fallout  protection. 

Slanting  constriction  to  Isirove  fallout  poretaetion  rapreaaata  a  de* 
parture  frea  tha  traditional  concept  of  proteetiva  oonstruction.  It  la, 
therefore,  U90rta.1t  that  tha  principles  involTsd  be  flraljr  ectahliahad 
before  their  ^plication  In  the  design  of  construction  Is  diseorsed.  For 
this  reason,  the  protective  principles  recosa»nded  in  this  fectloe,  to¬ 
gether  with  related  corolXarlas,  are  reviewed  below. 

1.  Desi«&.  far  irre  ■assiva  roofs,  floors,  walls,  aol  partitions. 

2.  Font  a  distant  envelope  shout  the  uncontealnated  Irterlor. 

3.  Minimise  pro^ctlcrs  arvl  voids. 

t.  Orient  structures  with  respoct  to  tha  prevalUrg  wtsda. 

Avoid  umcccseary  horlsontal  s>irfaces. 

6.  Provide  prominent  slopes  to  nonvertlcel  surfaces. 

7.  'Jee  saoith,  herd,  veter-repellent,  and  ebeei}  «lly  Inert  aateriala. 

8.  Heiuce  sire  and  n-nneer  of  Jolnto  and  aeaos  conneetlng  euTfeca 
laBterinli . 

9.  FirnlaJi  1;? r^i-veli;clt./  drelieige. 

10.  Allow  for  exterior  access  to  building  roofs. 

11.  Vil  len  spaces  between  buildings  end  keep  them  clear  of  obstructions 
cuch  as  service  polos,  fire  hydrants  and  lamp  posts. 

12.  Substitute  roisps  for  stairs  to  acconcaodate  rolling  equipnant . 
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c'sxr.zc::  v  -  of  pr^cracri’.'::  rauKiPLSs  ik 

T5:3  DJSIGri  OF  II2W  BUHiJIIIGS 


l-Sany  planned  structures  can  be  jsadc  to  furnish  fallout  protection  and 
Increased  ri:alctancc  tc  the  dUsssructlve  effects  of  a  nuclear  attack,  by 
the  tlnoly  application  of  pi-oLcctlve  construction  principles  described  la 
occtlon  IV.  To  tal'.e  full  advantaoe  of  those  principles  cad  nlniwlze  acy 
aidltional  cost,  th:y  r.hcull  be  Introduccl  early  in  the  dest^  or  planning 
stages  of  all  :.ev  consti-uctlot..  Principles  vhlch  nay  be  used  to  iasarove 
those  structural  deslici  fcst’jres  Influencing  t>io  dcfjrte  of  fall«it  pro¬ 
tection  ore  evaluate  1  i.n  this  cectloti  in  tenas  of  relative  cost  and  effec¬ 
tiveness  . 

5-01.  DTiiOVaiSrr  of  SHIXTE®  EnraCTTVSiSSS.  »d  liqrovc  the  ahel- 
tcring  effectiveness  inlierent  in  oullctings,  and  thereby  satlsiy  the  first 
objective  of  rycat  !r  fallout  orotecticn.  It  Is  necessary  fbr  the  designer 
to  conslier  the  principles  '-if  sl.ieLllne  arJ.  distance  protection  together 
^ SG€  •SCCwlOii  *''*f  "fiww^^rr:  'ijyjfl  •-■hlch  these  tvo  prinelplas  of  ohel- 

terlng  effocti .•oness  depend  are: 

1.  SI  so  of  bullilngs  as  elver,  by  floor  area  and/or  volusoa. 

2.  'J..'c-r»;tfy  of  huilA^nf^ ,  l.e.,  the  length-to-eldth  ratio,  l/V, 
and  tlv  ..urier  of  stories . 

3*  Thickness  a,ni  density  of  vails,  x*oof,  floors,  end  other  elem¬ 
ents  •  exp.'essed  as  the  cass  thickness  In  pounds  per  sguart  root . 

k.  w;  rdov  rpaee  and  othea  wall  njv.nlng*  nCfeclag  raw*  •Maiding 

5.  Location  nf  pol.iU  of  Baixinaaa  protection  wlthla  a  bullAlng 
•irtth  respect  to  its  perlswter  and  floor  level. 

6.  R'curhr.ess  of  surrounding  terrain. 

'Su:  conplex  interrelationships  anong  those  factors  oakes  feoarallza- 
tlon  dlfflrult.  Consoq’wntly,  this  discussion  is  Halted  to  considering 
the  variability  In  sneltcr  offectlvences  afforded  by  four  tiapllflad  bulld- 
Ijig  types,  Thiene  are  doflnt-d  in  table  5-X  In  teraa  of  huilJix;g  SMserlala 
am  the  mass  thickness  of  tlie  structural  coaponents. 

In  order  to  deterrdne  the  relative  Isiportanee  of  these  factora,  cer¬ 
tain  target  eoniitioruj  in  a  fallout  situation  have  been  assussd.  The  fall¬ 
out  naterlal  is  unlforaly  cpi-»;id  on  roofs  and  ground  areas,  and  wall  and 
otlior  vertical  surfaoca  are  uncontaalnated.  While  .not  altcgetbor  realistic, 
these  ass-uTiptlons  are  acceptable  for  naking  cenpar Isons.  Bectuee  of  tlie 
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Wol^  3-1.  Four  SiLirllfle'*-  of  Construt:tiori 


t'tttuex*  Ittlij 

Cor.;xjnent 

l-iasn  al^ckness 
(lb/ft2) 

Llf^it 

rfood  a:ii  sheet  notal 

WnTls 

i:?.5 

Floors 

15.5 

Rncf 

12.5 

Mcdlira 

Concrete  x-*!  steel. 

WaUs 

75 

Basonry,  and  ^dense 

Floors 

75 

inaterlais . 

Riof 

50 

Hcavj' 

Cor  cretc  and  steel. 

Walls 

150 

masonry,  tnd  dense 

Floors 

150 

materlcls 

Roof 

IOC. 

Klxcd* 

Wood,  sneet  loetnl. 

walla 

75 

concrete  and  steel. 

Roof 

12.5 

and  dense  materials 

*ftepreservtat.iv>j  oC  nuch  rcc<»r!t  cne-'stori'  eonstraction  vherc  •:^ 

.sla^s  of  6-lr.ch  c;>ncrcte  oro  used  for  vallo,  and  roofs  are  llcht  by 
cosparlocn  ( sJiulval- r.‘,  to  1  l-.zh  of  oonerote). 


advantage  to  rudloloclcel  rcco\‘ery  f>«srattcr.s,  all  bulldin;s  are  cit>mted 
in  paved  aurroundlngc .  Afl  a  Airti.er  olnpllflcatlcn,  b-aildi  ics  ore  'jlndov- 
Tess  a'*i  bave  no  w»rtl  tlcalnr  vails  or  divisions,  urlens  ot).er-,rfB(»  nntAd . 

a.  i!*olrit  of  (ireatept  Jpreteotton.  It  can  be  detsonr.trated 

that  either  the~eor.ter  or  the  ;or:.crs  ol  a  given  f!  'or  are  the  points  of 
maxiiasa  or  alnlrvm  protection  for  Jac^t  convontior-U.  c.ruotursc.  Wilch  of 
t.hese  locations  provider:  the  coat  rreltcr  depenlt  'ipor.  the  relative  voo-itri- 
butlon  of  roof  x«  ground  oontanlnation  as  well  as  the  afore!flentic.ned  fac¬ 
tors.  !S.a£,  it  is  r.oocsr.ory  to  constantly  check  the  sliolter  effectiveness 
at  -er.t*.-  xnd  ''orn.-r  icocticnc  so  t>c  design  of  protective  construct¬ 

ion  develops. 

b.  Boof  and  Greun-i  Contributions.  Re  cults  fror;  weapon 
ter.ts^  involving  ni-ln-ce  n-'i  r  rfioo  d'ct-  nasicris  Indicate  that  the 
principal  sourccj  of  indlation  within  a  structure  are  tiK-  ro-.f  end  grcoTrui 
cozitaElnatloi..  Fiftzro  5-1  depicts  ti.c  relative  contri^"t<rn  of  tlic  two 

1.  Reference  u  in  Mcxiocraplii'. 
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Tigir*  5“1*  R«latlv9  Contribution  TSron  Hoof  and  UtJ^Tjd  Ccn- 
taalnatlon  to  PVactlosal  Intensity  at  tb«  Cants,  cf  Sliigla> 
Story  Buildings  lli/lng  a  Langtl 'to 'Width  Ratio  (Xt/Vj  of  Z, 


aoureas  to  the  fractional  Intensity^  at  tha  center  of  ons'itory  buildings. 
S»  curres  for  Ugbt-velgbt  ceustructlcn  shov  doslnant  radiation  source 
to  shift  froB  the  ground  for  smaller  buildings  to  the  roof  for  larger  build¬ 
ings  (>  2»OCO  square  feet),  huufs  are  abown  tu  be  wwralataatXy  the  SMlii 
contributors  of  radiation  for  nedlua  or  heaYy-eonstructloo  ragar^Isss  of 
arsa. 

X.  As  appiletl  to  structures,  tha  fractional  intensity  Is  ths  ratio  of  ths 
dosa  rata,  J,  inalda  to  tha  unaltered  dose  rate,  Z*>  outaida.  tbara- 
fora.  It  ia  a  dlract  anasura  of  tha  afaalter  affacttvaness . 
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tabla  5*11  •  fielattv«  Contribution  Trum  Roof  ud  Ck^und 
Contanlnatiun  to  Fractional  Intensltlas  at  tb«  Cortara 
of  Single -story  Buildings 


Wel^t  of 

Construction 

Fractional  Intensity  (l/X>:)* 
Roof  Ground  Tot^ 

Light 

0.095 

0.403 

e.30 

Hedl'um 

0.019 

0.022 

0.041 

Heavy 

0.0030 

0.0032 

0.0062 

corner  protection  values 
of  1006  to  40,300  ft2. 

apply  to 

flour  areas 

However,  at  building  curnars,  tba  fractional  intensities  are  essenti¬ 
ally  coristant  with  respect  to  floor  aree;  th/*  («f«ereepO!!i.lr»  values  (rela¬ 
tive  and  tot€a}  are  presented  in  table  3*II> 

Biese  nroteetlon  values  reveaJ  that,  for  buii*ii,^  comers  fallout  on 
the  surroundin';  9'ound  area  is  the  cajcr  source  of  radiation.  iU  the  con¬ 
struction  welriit  increases,  the  roof  contribution  la  aeea  to  approach  and 
nearly  equal  that  Cren  the  srjund. 

A  conysrloon  of  tl,*  i.v>i.al  fi actional  intensities  Ir.  figure  5-1  bJod 
tallo  3*11  shows  that  location  vi.hir.  a  light-weight  single-story  building 
is  of  small  eonaeo'jcnee .  Kor  sid  >>»«vy-w-i 

ever,  corner  lorsTianj  provide  aaxlnua  protection. 

In  the  oufe  .j.'  xsiltlatorlcl  buililncs,  it  can  be  shown  that,  except 
for  top  floors,  V-.o  ..yj’inrl  cvntrlhutlono  exceeds  Shat  of  thu  roofs  in  both 
the  se.nt-r  ard  ccrr.ar  locations.  Itic  roof  cont:  ioutlcn  rapidly  dLoCnichee 
with  i.ncr— oci  v?.  ;.-.!  of  constr-uctlon  -intll  only  the  ground  sources  are 
worth  any  concern. 


c  .  iifiVcts  of  Buildlnr  31te,  Sliepw,  and  Haaslveneas.  'ihe 
relnTlv-  iirs.nsTor.c  of  o  otrueVu".:  rny  .-.av-:  some  li  flueuce  ju  its  shvi-an 
cffacti /in .-Es  vh.Tc  th"  lir.,ytn-to-vHth  ratio  (L/i*)  is  grester  than  U. 

Th:;  cioot  frequc-nsly  j.-c.u  i  ; L/m  ratios,  however,  lie  between  1  and  4. 
Wlthlr.  t.i-.lo  l..t?rval  tie  effoct  Is  proctlcnlly  negllglbla,  compared  to 
othc-  c.:.notrucllon  footers.  It^ere  lu  exception  in  the  case  of  nixed 
cor.r‘.ruotlon,  w.  ion  will  ro  treated  Ir.  a  later  »,«eLion,  To  almpltfy  the 
a.ui  ilsci.'-.!;!.  "  to  follow,  an  Iv'W  ratio  of  2  is  assumed. 

V';.ni.''.u  3-1.'  anl  t-3  ol.ow  the  ieproveaent  In  center  and  corner  pro- 
tecti'or ,  recpcct  1  vely ,  ar.  h  funct  ion  of  tluroe  controUl.ng  building  features . 
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Ihey  are  In  order  oi  decreaslntj  importance:  l)  velgjut  of  conetn-ction,  as 
denoted  by  the  naaa  thickness  of  building  components;  2)  nuii«r  of  stories; 
and  3}  building  area. 

(1)  Weli^t  of  constructlor. .  n:e  rapid  g"ln  Ir.  shelter 
effectivenesB  vlth  modest  Increases  In  vulght  of  construction  Is  graphically 
desonatrated  by  the  pronounced  negative  slope  which  characterizes  a’l  tlws 
curves  in  the  above  figures.  In  figure  5“2/  those  belonging  to  Plot  B 
exhibit  the  steepest  slopes,  thereby  indicating  the  center  protective  bene¬ 
fits  of  Increased  mass  thickness  to  be  considerably  greater  for  nultlstorled 
buildings,  especially  those  javli^g  larger  plan  areas .  A  parallel  but  leas 
obvious  relationship  Is  dlscernlkle  freat  the  curves  of  figure  5”3  cor¬ 
ner  protection  values.  Here  the  Increase  in  slope  vlth  additional  flocra 

it  most  tx>tleeahla  in  the  Interval  betveen  light-  aod  acdlun-velg^t  con¬ 
struction. 

(2)  goBber  of  stories.  Aside  from  annanclng  tha  advar- 

tage  of  heavier  construction,  the  addition  of  extra  floors  offers  a  s-icon- 
dary  but  Independent  means  for  slgnlfloai.'wly  inprovlivs  the  nhelttorlng  eapa- 
blUtlea  of  structures.  effcctlvcacos  of  such  additions  is  appeurent 

from  th*  difference  In  values  between  the  single  story  curves  and  their 
gultiatory  counterparts.  Only  the  floor  providing  naxltum  protection  is 
shown.  Ebccept  for  llgd^t-welght  conctructlon  the  cre'*«r,t  protection  exists 
one  floor  removed  from  i-he  top  story.  It  rust  be  understoou.  that 

should  the  mass  thickness  of  roofs  be  reduced  to  some  value  lust  than  2/3 
that  found  In  the  walla  and  floors,  maxherin  protection  must  .»»seBBerlly 
abirt  to  a  Icwwr  floor. 

Plgura  5-3  reveals  that  the  difference  In  valuac  iietveac  aXJaeant 
curves,  and  hence  the  gain  In  corner  protection,  grove  progresrlvoly  amnl- 
ler  with  each  mldltlonal  story.  Ihe  same  la  true  for  center  protection, 
though  not  represented  In  figure  5-2.  In  view  of  this  apparent  eorvlitlon 
of  dljdnlthlr.g  returns,  mors  than  six  or  seven  stories  csuinot  be  Justified. 

(3)  Bi^ldlng  plan  area.  As  wps  mentioned  earlier  and 
la  berne  out  In  flgura  5-i«  plan  aurea  has  no  appreclabla  effect  on  corner 
pivteetlou.  For  single -story  buildings,  figure  5-2  shews  very  little  la- 
proveMnt  In  ceutcr  protection  even  for  large  Increases  In  plsui  area. 

Only  tu  multistory  construction  Is  the  Influent  of  building  plan  area 
truly  alffilflcant.  Even  so,  the  protection  pouslblf  throu^  heavier  con¬ 
struction  or  extra  floors  la  far  greatar  by  coaparla^n, 

d.  Mvantages  of  Heavy,  Hultl storied  Const^ctlon.  ■  From 
tha  foregoing  section,  one  can  appreciate  thu  dIXilcuity  of  aniiyilng  each 
of  the  three  buil4lr.g  Icoiurcu  uhleh  asst  Improve  chclterlng,  t  lnee  a 
change  In  one  la  lEErd lately  reflected  In  the  otbur  two.  A  more  teallstlc 
approach  la  repraaented  In  figure  5-**  where  fractional  Intensities  are 
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nlven  as  a  function  of  total  floor  arou^  (sucraatlon  of  area  on  all  floore). 
Itiia  approach.  Is  noi-e  uT^HTlcant  Inasnrach  as  total  area  or  voluna  is 
usually'  fixed  early  in  Che  dealyi  sCuHe.  TJie  corves  clearly  deaonstriite 
the  center  protection  to  be  gained  with  heavier  vrel^t,  miltistorled  con¬ 
struction.  The  value  of  Increased  total  area  Is  seen  to  be  comparatively 
small. 


Vablc  Comparison  of  Maxlaun  Center  and  Corner  Rrotoctlon 

lit  Building  of  One  to  Fiait  Stories 


iyi«  of 
Construction 

Ho.  of 
iitories 

Story 

Fractional 

Center* 

Intensity  (l/lx) 
Coraer** 

Li^t  Welc!'.t 

1 

0.50 

a 

2 

let 

0.33 

- 

3 

1st 

0.28 

m 

k 

let 

0.26 

m 

1 

- 

- 

0.50 

2 

lot 

- 

0.35 

3 

2nd 

* 

0.28 

k 

in 

- 

0*4^3 

Medium  Weiedrt 

1 

0.090 

0.042 

2 

1st 

0.030 

0.023 

V 

isid 

O.OlB 

0.015 

3x1 

u.ors 

0.012 

Hea'/y  Weight 

1 

a» 

0.014 

0.0060 

2 

l.nt 

0.0036 

0.0034 

3 

2nd 

0.0019 

0.0020 

U 

3ri 

u.(V)i3 

0.0016 

'»  Center  valueo  for  buildings  bavlr.c  a  total  floor  area  of  i*0,000  ft'^. 
♦•Corner  values  apply  to  total  floor  areas  of  tOOO  throuth  4y,000  ft® 


arid  beyorrf . 

list,  the  fcaxlirais  j[  ection  value*  according  to  construc¬ 
tion  type,  number  of  storieo  end  fleer  level.  BfcepC  for  slnj.c  story 
bulMf.ngfa  of  nedlum  or  heavy  construction,  there  la  little  If  any  protect¬ 
ive  advantace  t-f  corners  over  center  locatioi.s.  Kovever,  as  explained  In 
the  footnote  to  table  the  center  pretestlea  values  are  for  total 

floor  arees  of  h0,000  spuare  feet.  For  lo«eor  areas,  comers  voulil  con- 
slstetrSly  be  the  safest  pobltlor.  regardless  of  case  thlUutess. 

^tii'lling  vnlsnic  (cubtg  foutage )  cc-ild  iiave  been  used  just  as  well. 

Ihe  same  curve  would  have  resulted. 


63 


V*  ■  O'*  ‘f  ^  M 


»1.A«  AJIfA  19  T* 


Fli?tre  5-5.  Prctc-tlon  In  Slngle-Stcry  BulUlcrs  nf  KLx«<l 
Construoiion. 


•  .  H.ixyi  Conetructlon.  Sccnuae  of  pcpilarlty  of  nlxsd 
constriction  (sec  table  5-l)  tecause  of  tfco  cssneiattd  ehel taring  prob- 
IcaSi  It  deserves  eoeclel  s-nslderet* '>n.  •ffcrls'l  by  rcsb 

structures  i*  stown  la  the  curves  of  figure  5-5.  A  ccaaparlson  of  the  cen¬ 
ter  protection  curve  vlth  the  total  contribution  curves  In  f.guro  5-1 
points  up  sons  rather  Interesting  shelterliit;  differences  betvven  construct¬ 
ion  types.  As  evpected,  the  center  values  for  Klxed  construction  fall  nld- 
wa/  between  tbeso  for  l!.rht-w«I.a.t  aedlua-wr’g’it  ccr-itructlo;..  Hv- 
ever,  utillKc  ti>»  Istter  two  types,  center  protection  In  xlxel  construction 
Is  seen  to  gradually  decrease  with  enlarclng  floor  area.  It  should  also 
be  nctod  that  f'lr  pla.'»  arem,  ojviex-  lOOO  a-iuwe  feet,  Ujo  L/V  ratio  ’uco'-esis 
cjntro';il"r.  Thrs,  bulUlnga  which  are  of  nano,  width  and  small  area 
prov*'lo  nor.*  center  protection  tha.n  wider  and  Boro  expareU'o  cti-uctures. 

Corner  prvtcctio.n,  nu  indicated  oy  the  relative  p^-ritlcn  of  the  cui-'rec 
In  figur'.  5-5,  i:,  considerably  fprester  t>»an  at  the  center.  Although  not 
secsltl'/e  to  1  W  ret'oo,  fruer  protection  also  fraduall;.'  lecreaseo  as 
fleer  area  app.'cacht.'-.  l'>,0'»  ctiuai-e  feet.  Beyom  this  i*jiiit  corner  values 
riro  ';rscr.tln.Iiy  c--.ot.-c.t . 


Bie  reason  for  the  mltjua  slieiter  iar.blon';  raised  b/  mi/ad  otrutturai; 
is  tile  hcs'.  /  contribution  of  roof  contanlr.ation.  ti-ound  contributions  fire 
ancll,  in  '~j!Ei:ari..cn,  ti-c  -zli.  Ea;r  thiUirioo:  (  i,4auro 

foot).  One  obvious  co.'ation,  then,  in  to  in''**ef  r.e  "oof  t.t'f  r. 

Tlic  icasitJUt/  of  tt-iothor  sclation,  enployini;  s  roof  vishdovn  ayLlun  wilb 
ouch  coiistr action.  Is  alsmasscd  in  section 

t.  ^otcction  Affome>l  by  Bnsenents.  Cooerally,  the  Rrest- 
cst  protic'.lor.  svallni.lT  In  fony  buildiri.T  iu  In  t^w  baseaent.  Flsore  5*^' 
Bhovs  the  iaseasnt  shelter  effectiveness  as  a  function  of  tno  mass  thick¬ 
ness  in  tht  ero’ond  floor  for  various  types  of  bulldlncs.  As  in  above- 
(prourrl  shelters,  basenent  proteetton  (center  or  corner)  is  greatest  in 
Bsiltistcrif'd,  and/or  heavily  constructed  bulldlncs.  Kio  effect  of  in¬ 
creased  ana  Is  restrlctcl  to  irrprovinc  center  protection  of  a  tve-stor;' 
buiUinc,  u>  Indicated  in  Plot  B.  Slnilar  plots  for  three-  a.nd  four-story 
atructuies  give  no  Justification  for  exceeding  tvo  stories.  Corner  pro- 
tectloi.,  as  la  repra  jented  in  Plot  C,  is  superior  to  that  at  basonent 
centers  by  axtreaciy  larce  factors;  deperdlnc  upon  tlw  weight  of  construct¬ 
ion  and  vr.etfirf  there  are  one  nr  no’-e  stories . 

A  cocs>ari8on  of  the  above  curves  vlth  those  of  figures  5-'d  sral  5-3 
reveals  •‘•hi  isportaiice  of  bacoaent  idieltere.  Bv-n  uhcre  J;c  asss  thlck- 
n»«s  of  tiic  floor  directly  above  ttie  baserent  is  quite  snail,  as  in  xi.Tjijt- 
couctructlon,  haseewnts  offer  considerably  ooro  prctect'on  than  do 
the  ^*ound  >>r  upper  stories.  Hil*  s>4wteot;on  can  oc  inorcfl--.’  oy  »df!<ng 
to  t).e  BASS  thickness  of  the  ground  fl-or,  wlt'.x)ut  changing  ti-;  nbove- 
CXO'ond  constractlcr  whatscevei'. 

0.  Aw- .•••  I  4  ..••4  1 4  e. 

•  —  . . . -  . I  -  ■>  -•■■•■wa-  • 

cusslon  ba-oj  been  concerned  vltn  vlrucvlcss  buildings.  Tne  use  of  windovs 
and  lightly  constructed  doors  reduces  shelterlnr  effectl'/eneas  considerably, 
nils  is  evident  fri'is  figures  5-7  ar^l  5-0  where  the  effect  of  window  space 
equal  to  ?/i  and  1/3  of  the  total  wall  area  1..  coapare-l  with  that  of  vln- 
dovloRs  dccicpi.  r..:  influence  of  vail  opcrl:, ;3  on  o^ntcr  protection  1.; 
llgiit  cor.otructior  is  pi  aci-lcolly  negligible  (i,ec  Plot  A,  flg'xc  5-7). 

For  aecll'un  wel.^it  consiructlon  tlie  effect  Is  quite  significant  (see  Plot 
B).  n.e  curves  li.  flrure  5*5  renreeent  this  effect  nn  helng  noct  drastic 
in  the  catc  of  faeavy-v^lcht  ccnstructicn. 

Tible  5“IV  ccr.tcins  the  corner  nrctectlon  values  and  cticparcc  then 
with  ctntcr  values  for  buildings  of  .'ret.  It  lo  -.vldent 

frem  these  entries  that  evc.n  with  fever  than  1/3  wall  openings  t:.i  pro¬ 
tective  advantage  generally  oxlilblted  by  corner  loc.actons  in  vindowleos 
buildings  is  all  but  last.  Beesur*  of  t’-e  reroltant  reduction  in  wall 
ahleldinr  effsetlve.neaB  and  the  increased  cha'cac  for  interior  conte-lna- 
tlon,  v.'rdows  or  other  openings  should  le  cll.-3lr.e..e'l. 
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5“?-  <^1  Cer.‘-«r  Protection  Dae  to  tViiiovB 

In  Slnele-3t;ory  ?*ulldli;er . 


TaJslo  5“XV.  Coopwlaon  cf  the  Effects  of  W'jjtov  3p*'.e  on 
Center  end  Comer  Protection  of  One  Etory  r'lIMlnju 


T^-P*  O' 

Vlnlov 

Fractional  Lctenslty  (l/Ix) 

Construction 

Fraction 

Center* 

Corner** 

Urht  wsicht 

0 

0.52 

0.50 

1/3 

0.53 

0.6i* 

2/3 

0.S5 

0.77 

Hedlua  wslctjt 

0 

0.09 

O.Oll 

i/d 

C.l'. 

0.30 

2/3 

O.PO 

0.57 

Hee'/y 

0 

0.015 

o.ooC 

1/3 

D.07 

0.07 

2/3 

0.13 

0.53 

•  Center  ve.lucs 

fer  tJllllnrjJ 

xiav’.i.r  n  floor 

aren  of  4C,000 

♦*Corr.cr  w'.-ca 

■  ere-u:  of  1000 

to  1*0,000  1X2. 

I 


( 


n,;ifl,ip-iiUii|i.iiJ-..Jim»;iii 

. .'.  . rit'.' 


LliH!li|,JJllii"itMiyi  ■ 

'  i:'. 


Figure  5"8«  Lo*#  of  Center  Protection  E«e  to  <K..love  In 
lieeviyv  Constructed  iilneie-Story  Bulldlnt;#. 


b .  Sileldlng  Sffectlvenesa  of  Str-K^tural  Kt.terlnl  and 
Ceggonento.  In  tlie  precodintj  exaaplcs  and  dlccuncl-cr.  the  odvnnterc  cf 
header  construction  has  been  eu^iliAaized.  Euis  aenser  lasterlals  ohould 
be  Introduced  Irtr  j.*ctectl%'"  constru.iiim  wbenever  costii  and  other  design 
eorJilderatlons  peritlt.  A  representative  cross»*eet,ton  cf  th“  reni'  sete’-i. 
al8  conaonly  available  Is  shovn  in  table  5*V.^  Iionlnal  thlckneae  (inches) 
end  nass  thlc;;ncs3  (pcar*Ii  i>er  Biioare  ioo+ )  of  each  noterlal  are  also 
Uctel.  T!ila  latter  tors,  althou^:  not  eq'iol  tc  d*nGlty,  Ic  jiroportlonol 
to  It  and,  therefore,  p-ovHeo  a  r~*4,-.s  of  caeliic-  the  ehleldlng  potential 
of  one  rsaterlcl  relative  to  another. 

In  the  course  of  any  building  desi(pi,  the  Bhloldlng  value  of  the 
varloos  coeiponents  nust  be  e'raliated .  Since  the  conponents  ore  fabri¬ 
cated  froa  base  naterlalo,  the  Inforratlon  In  tab>  ^-V  aoi'  bo  cowblried 
to  obtain  r/icc  thlckr.ooscs  <.r  roofs,  walla,  floors,  ceilirwta.  etc.  £5cae 

i.'  Heference  I3  lii  b Ibllcgr . 
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Tabic  5-V.  Shielding  P.^t«ntlal  (Mbbs  Zblctoess)  of  Building 

Materials  .* 


Material 

Coepcnont 

Honl.nal 

ThlcXness 

(inehts) 

Mass 

TblcXneas 

(lb/ft2) 

Mobe 

wall 

12 

Uj6 

Asbestos  board 

vail 

3/1£ 

1.7 

Asbestos,  corrugated 

roof,  vail 

4 

Asbestos  shingles 

roof,  wall 

5/32 

1.8 

Asphalt,  3  ply.  ready 

roof 

- 

1 

Asphalt,  U  ply  &  gravel 

roof 

m 

5.5 

Asphalt,  5  ply  *  gravel 

roof 

• 

S.2 

Asphalt  shingle: 

roof 

- 

B:>5k  tile 

roof 

2 

12 

ruof 

3 

20 

Clay  brlch 

wall 

4 

38-40 

wall 

6 

69-09 

wall 

12-1/2 

100  -130 

wall 

17 

134  -174 

Clay  tile  shingles,  flat 

roof 

- 

10-20 

Clay  tile  shingles,  Spanish 

s» 

8.5-  10 

Clay  tile,  structural 

wall 

4 

16 

wtai 

A 

42 

vail 

v> 

53 

Clay  tile,  Interior 

wall 

4 

18 

wall 

6 

28 

wall 

6 

34 

Continued 

vail 

10 

4o 

•ubble  is  i'ror  Keferer.co  13 

Ir.  b i  n lioiTaphy . 
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Table  5-V.  Shielding  Pctentlal  (l-laas  Thickness)  of  BulMlnc 
Materials .  (Continued ) 


Material 

CoB^onent 

noBiinal 

Thickness 

(in(dws} 

Mass 

Thickness 

(ro/ft2) 

ClJr  tile,  facing 

vail 

2 

15 

vail 

k 

25 

vail 

6 

3S 

Concrete,  poured: 

lov  densltjr 

Vei^cullte 

vail. 

roof. 

floor 

per  Inch 

2 

-  1 

perlite 

vail. 

roof. 

floor 

per  Inch 

3.5 

-  5.5 

dtatcalte 

vail. 

roof. 

floor 

per  inch 

*1.5 

-  6 

puBlca 

vaU, 

roof. 

floor 

per  io'**’ 

5 

-  7.5 

foan  slag 

wall. 

roof. 

floor 

per  IiK^h 

7-5 

-  8.5 

bapdlte 

wall, 

roof. 

floor 

per  Inch 

8.5 

«10 

cinders 

wall, 

roof. 

fleer 

pe.  Inch 

0 

-  9.5 

crushed  slag 

vail. 

roof, 

floor 

per  irch 

lu 

•11 

conrentlonal 

cruiuted  stone 

waU, 

root. 

floor 

per  lad 

12 

©rarol-sand 

vail. 

root, 

fiocr 

per  Inch 

12 

-12.5 

rtlafcorcei 

vail. 

root, 

floor 

'M>'  inch 

12.5 

hl{Jh  densltjr 

Uacnlte 

vail. 

roof. 

floor 

per  inch 

15 

-iD 

fajdrous  Iron  ore 

vail. 

roof. 

floor 

per  Inch 

IS 

V'lrlte 

vaU, 

roof. 

floor 

per  Inch 

18 

-19 

aagnetlte 

valjL, 

root. 

fl^or 

per  Inch 

19 

-20 

barlte-lron  shot 

vaU, 

root, 

floor 

per 

2c 

ferrophorphorus- 

barite 

van, 

root. 

floor 

per  Inch 

22 

Iron-llJsonlte 

van. 

root. 

floor 

per  Inch 

?2 

ferropbosphorua 

vaU, 

’•ocf. 

floor 

per  Inch 

25 

ircn«aagnatlt« 

vail. 

roof. 

floor 

per  inch 

25 

-29 

Iron  slugs  -  Iron 

shot 

vail. 

roof. 

floor 

per  Inch 

il 

-3U 

CffiTtlmiad 


Table  5-V.  ShleMlnc  Potential  (Mass  Thisiasesc)  cf  Bullaing 
Materials  .  (  Contlniied  ) 


Material 


Cotsponent 


Honlnal 

IhltJuatiiS 

(livdies) 


Mass 

Thickness 


(lb/ft2) 


Concrete  block,  hollev; 


Hcbt  aegrecate 

vail,  partition 

k 

20 

(cinder  or  s.lag) 

vail,  partition 

6 

23 

vail,  partition 

8 

38 

vail,  partition 

12 

55 

heavy  aegregate 

vail,  partition 

k 

at  -3’i 

(atone) 

vail,  partition 

6 

38  -46 

vail,  partition 

6 

50  -60 

vaH,  partition 

12 

75  -95 

Concrete  brick: 

Ll^t  aaregate 

vail 

k 

T> 

(elr^er  or  slag) 

wall 

8 

(A 

vail 

12-1/2 

98 

heav:'  aceregate 

vaU 

li 

46 

(atone) 

wall 

8 

Or 

wall 

12-1/2 

130 

Concrete  ahlnglss 

roof 

• 

16 

Fiber  board 

vaU 

1/2 

C.5 

Fil"Cr  alieaiblng 

vail 

1/2 

0.0 

Class  block  sasonry 

wolJ. 

k 

IS 

C^Tp.TJs:  block 

wall 

2 

8  -n 

weU 

3 

10.5 

veil 

4 

10  -15 

veil 

6 

13.5 

Ct.-pouc  bcarl 

wall,  celling 

1/2 

2.1 

Table  5-V.  Shielding  Potential  (Mass  Thickness)  of  Balidlng 
Materials.  (Continueii) 


Material 

CoBiponent 

Nondnnl 

Thickness 

(inches) 

Mass 

Ihickness 

(lb/ft2} 

Marble  facing 

vail 

2 

26 

Plaster,  directly  applied 

wall,  celling 

3A 

5 

Plaster  or  fiber  lath 

piall,  ceiling 

1/2 

;> 

Plaster  ua  ^psua  lath 

wall,  celling 

1/2 

6 

Plaster  on  nesal  lath 

vail,  celling 

6 

Plaster  on  wood  lath 

wall,  cell  ing 

3/*» 

5 

Plaster,  soill 

wall 

2 

20 

wall 

k 

30 

Plaster ,  £.cH*v 

wall 

k 

2? 

Plywood,  flnleh 

wall 

•<nf. 

1 

ceiling 

i/2 

1.5 

Plywood,  sheathing 

wall,  roof 

3^8 

1.1 

Slate 

roof 

3/16 

7.3 

roof 

1/^ 

10 

Split  fVirrlng  tile 

wall 

1-1/2 

8 

wall 

2 

12 

Steel,  corrugated 

roof,  wtll 

20  ga. 

2 

Steel  panel 

vail,  rcof 

IB  ga. 

3-3 

Steel  partltlsno,  In^ulatod 

waU 

- 

6 

Stone 

wall 

12 

130 

Stone,  east,  facing 

wall 

2 

?U 

CoPtlCTued 
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Table  5-V.  SiieJjitnc  Potential  (Mass  Oilcknoss)  of  Building 
Materials.  (Continued) 


Material 

Cwaponent 

nilcknaes 

(inches) 

Mass 

Thickness 

(Ib/ft?) 

Otaeco,  nctal  latl; 

wall 

3A 

9 

Stucco,  w>jOd  lath 

vnll 

3/^ 

h 

Terra  'otta  facing; 

wall 

1 

-  » 

Terr 02 zc 

floor 

* 

12 

V«oo<l  bloch 

floor 

3 

10 

..'■-virt  f'tlsli 

floor 

85/?? 

2.5 

V.'i  od  iheati'.lr.;; 

flocr,  roof 

3/^* 

2.5 

To')-  oi.j.i'l.a3 

roof 

- 

2.5 

.  ->1  shl  !  "ei,  o-i/ii" 
to  weather 

waU 

m 

1.1 

..  .a  t-fl 

wail 

- 

1.5 

•■•  0,:  r'. 6"  ire? 

vail 

2.5 

'.x;  ■  •  ■ ' , 

wall 

2x4 

1.6 

I  III 
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8033  thic/Jiesseo  of  a  fs«  typical  ctruciui-iil  cnnponor.cs  arc  olve..  in  tabic- 
5-VI.  By  usinc  nass  thlcknecs  values  in  conjunction  vltb  flcuie  5^},  the 
deolrner  ray  qulchjy  estimate  the  exinoctod  shiolillnc  effectivenjss  oi  any 
BHterlal  <'r  uuiltli:'"  laenbor.  ine  use  ci  naos  thlciinosc  is  espeej  all;/  con¬ 
venient,  since  the  weljjits  of  itatcrlals  and  conponents  ore  C'^ncrally  ^iven 
In  terras  of  6(iuaro  feet  In  tlic  various  builder's  haodboolis. 

It  should,  be  underctoed  tliat  tbe  curve  of  ficure  3-9  rep-esents  the 
case  of  slaple  siiieldinj  only.  Tl.at  la.  It  provides  a  ready  aid  sui+nble 
aeans  for  approxlratlnc:  tne  dc^j-ce  of  Irqiroveaent  in  the  shield' nc  to  be 
gained  by  tbe  substitution  of  iLat»»rlals  or  eoisponents.  t1'.c  curve  Incor- 
pornt-*?  ns  adj-ustosents  fv.  ouel»  involved  pbeiionenor  as  the  sultlple  scat¬ 
ter  inc  of  tU  p«..ietra.ini;  radiation.  This  and  other  aspects  are  is^ortant 
la  the  io<.lc.n  cons Idcrat Iona  and  are  reilcctcd  Ui  tne  protection 

values  clvr«ri  In  the  precedin';  curves  and  tables. 

Of  all  the  entries  in  tables  5-V  and  5-VI,  cr-nc-ete  and  its  ejapenents 
offer  the  rpreatest  sMoldliv;  potential.  Because  of  this  lnh<*-«Tt  property 
and  its  vide  acceptance  i;i  present  day  building,  concrete  Is  an  excellent 
Batorlal  for  protsctlve  Isn.  As  indicated  in  table  5-V  a  vdle 

ranoe  cf  cans  thichntssus  are  availttble  depending  upon  tiie  type  of  ag^p-e- 
gate  used . 

Convent loral  concrete,  consisting  priaarlly  of  sand  and  gravel,  vlU 
probably  be  satisfactory  In  nost  Instancer.  Where  it  is  Irperatlve  to 
reduce  the  b’lL-'.  and  5nccl'.*cr.tr;  -f  structv-al  '.ifi  uensei  (o-ii 

acre  expensive)  concretes  nay  be  errplo/ed.  Tables  j-VH*  und  5-Vin^  pre¬ 
sent  cost  data  and  physical  properties  of  a  nunber  nf  such  concretes  and 
their  aggregates.  lu  ^r.errl,  conventional  concrete  w*ifdjlng  abo.rt  ipO 
pnnnda  par  mb-fr  Cr^j.  -ccot.  *,c  'fllJ5  pur  yard,  inotal’od,  abllo  tb« 
cost  of  hi^  dsnaity  con-reta  ary*  run  ?2W  to  JIOOO  per  yard. 

Altl>s<iifh  the  urlt  price  of  these  special  concretes  is  higher,  thetr 
proper  use  taay  actually  reduce  the  overall  building  cost  and  atlii  pro¬ 
vide  greater  shielding.  Table  5-VII  Indicates  tiA*  large  savings  aay  be 
realized  by  •'wploylng  only  the  liatural  heavy  agoregates  shown  above  the 
dashed  ■;  ones .  The  denser  alxer,  occurring  belov  the  dashed  lines  and 
containing  iron  and  ferrophospliorua  aggi-egates,  are  3  '■o  /  tlsrss  mere 
costly,  “this  Increase  In  relative  f'of^  of  materials  la  out  of  all  pro¬ 
portion  to  the  corresponding  Increese  In  density,  in  shielding,  Insofar 
as  protect:  />'  nstruction  la  emcemed. 

JL.  agnary.  As  a  result  of  the  aben-j  findings,  an  Ideal 
acr.ve-gi  0',ii*i  structure  with  built-in  protection  ml(px  he  pictured  as  a 
heavily  constructed,  multlstorled,  windowless  building  having  an  extensive 

1.  Heference  l4  in  blbllegyaph/- 
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ClUcldir-::  K'tent'sa.  (Me—  'r%,<-Vr,».-.r)  oT  Cr.ni-: 
lV?lcnl  StruiturcJ.  CcdeC-.jrto . 


C^T'Jutr.t.  Deocrtpcion  Ke'‘fi  Tti 

db/ft' 


\fells,  est«rl.'r* 

Wool  frare,  acb^stcs  a  Id  1  rip 

4-  6 

Wood  frosjE,  Btucco 

12-  14 

8"  hollow  concrete  block,  stusco 

o4-  69 

12"  reinforced  concrete,  facing 

158 -17^; 

17"  solid  brlcJc,  facing 

I60-IB0 

Malls,  Interior 

Wood  fraoe,  wall  board 

4-  8 

4"  cloy  tile,  plaster  1  e;.de 

23«» 

4"  concrete  block,  plaster  -  1  side 

35»* 

rUorf 

Mood  flooring  supported  by: 

Mood  loists 

14"  open  web  steel  Joist, 

6 

2-1/2"  cone,  slab 

One  way  ribbed  slab. 

6^ 

6"  rib,  2"  slal 

'1 

9"  aetal  deck,  2"  ecnc.  slab 

^  «• 

Roofs 

Mood  Joist,  coBjpoo.tlon  thlr.^8 
Mood  Joist.  4  ply,  tar  4  gravel 

14"  open  web  rteex  Joist,  2-lJk 
g,>3-m  4  etn-ndarl  built  up 

?-5 

0.5 

roofing 

36 

CsUlnss 

Nw'«A*  y  ^ 

1'  3 

Wood  frsne,  plaster 

f>.5 

Suspended  amtal  lath  4  planter 

15 

tii«iii«tim'in-«i*iia»ij>  abnii  w.iMfiiiiiii.'i,it>.. 


ii  J>i^.«i2'iiMitriM'i}^' •■>,r.  i. 


Tablj 


•  •  .  I  .*.  *  I  '•*  ~  4-  -*•*•.  ^  ,..1  ,  I 

CS.Msitv  Concrit  ? 


r->  T/p-^r  f:i* 


heirit  of  lr,Tci'i;ot2  in  lli/i't^  of  Final  Mix  Weif^hi,  H  ilnt!'/"  rn..!. 


Coarse 

Afigrecat- 

r  !::*-• 

CcLjenc 

Water 

.of  Mix 
(Ih/fi^) 

of  I-iaterialo 
per  fi,3  of 
Co.'.^eiri  lonal 
Mix 

.• 

■••T.t'cr.al  Plac-ene-  t 

6l  crave! 

50  sand 

•1.3 

11.5 

15h 

1 

75  L 

u2  L 

JI.3 

15.“ 

135 

5.2 

100  KI 

=.?  HI 

.Q 

12.0 

?-hj 

4.i; 

i0>  B 

35  2 

19.3 

11.5 

222 

6.1 

110  !•; 

3o  M 

2U.3 

U.5 

232 

7^*  r  ♦  $0  B 

70  F  +  35  2 

12.3 

232 

15-5 

100(iil32C-j)  * 

330-3)  -r 

6j  I  3'^.0 

11. 3 

252 

22.6 

171  t-' 

92  r 

12.7 

:*).  1 

i£i  r 

107  F 

K.C.* 

- 

300 

Ptopacitel  I'laiiiir  it 

28  L  •*  122  K 

L 

22.7 

12.5 

215 

5.5 

Itxi  B 

29  B 

19.3 

10.5 

?.^7 

•0.5 

130  K 

37  :< 

AT. 5 

9.7 

itfSH 

5.1 

60  L  ♦  IW  I 

20  L 

22.2 

12.2 

253 

£2 

57  «  ♦  loC  * 

h2  K 

19.8 

ic.; 

30c 

27  0  I 

0^  :; 

20.5 

11.3 

31*5 

v»  .ft 

polled  Pla 

32^  I 

03  (/llC-3) 

i5.e 

5.> 

•  Iw 

>0.0 

•12.2  r  /ft-^  oi 

■  'V*  C  P'j’^er 

of  .“* 

C!  .iilifi 

n. 

l/eg-nd;  L  -  iil  - 

L/lrou*  irin 

c j***  f  B  • 

tarlte,  M 

-  ind.-netlne, 

^  -  it 

"  i  sn-t ,  F  - 

■  ferrcpj.ospr.or'is,  I  - 

tre-!  ar.l  s 

•■.;el  sern;, 

r.-  •  ^  1*1  * 

4  * 

r-r'a  rr  shear:: 

i  har: . 

BEST  AVAILABLE  COPY 


floor  aroa.  B^ca.'co  o;  rc!;trlotlon&,  fur.ctlonal  requl ;*e:nen*,.'.  a'M 

coriatrj^t. :un  coit:-,  rortai  i  protootlv-r  featu.'as  must  noceosartly  be  'veak- 
eneil  or  ever.  s'.crlflcoJ  li;  i-;« u  o./T.or.j.'aliie  si/iatlm,  la  fa-t,  r.ho 
cite  za;f  be  co  slfiateii  witr.  r?i;peet  t''  potor.tiol  t«r*;et  ereoc  as  to  r.ot 
Justify  a  bulM'.nt:  wMili  p.'cvMoii  0  hirfi  lerol  of  protceelc.  .  TiiUs,  in 
order  tr  uoi.leve  o  unlnnceJ  i'.'.-,!."..  It  is  neiessary  *'''r  the  ex^-ct»d  s’-?lt.cr 
effectiveness  se  b.'cll  'l  «*-  ci  e  r  >i.uet  aluLii  iJlth  t,hc  rest  uf  tiie  prc- 

llriln/iry  sp'.'Cll'leat. lor.c . 


T!.o  Infor.iat i.  n  trcse.-.t  • !  ’  ••  pr'-c-'Il."..*  sJsClona  cr.trs  a  Vrcad 

rar.x  of  josclble  i. tfi-.tl  .i's,  uii  server,  to  ei.iit.aslze  the  ct.jntf leant 
VrojHjrtlo;-  (  f  th-'  :v  re  I;.., urti...t  ..jillh.i;  rjiitvm  t'^.th  rcsj^jct  to  3!-..''ltcr 
e.'fect' verv..i .  fit.  w.'..  ;  ifn—ntlirii  It  Is  possible  ct  the  pre- 

rit 'toi  -.tn  *■>  fj  il  -.'.l..  r.;*  t  protcctlvj  vcxt/ierncf,  in  ecy  cartli- 
lete  'J.T.!,;n.  F:.-  '  o.'c.','  cho-iH  be  to  elUF.uate  iiml- 

■  or  r,-  .  /• '  r/ii-t:  I.n  cc'.sr,tructlsn  e-st,  bullilr..;  anln- 

t..-. -VICO  a.!i  i^'ot  .-i,  or.l  air  ••  r;  1 ' Mvr.' :v*  reij'iir  .ro''ttt  Will  .acre  tJ.an  cover 
t;  .!  ■'i;.'  ‘  ;iH!tl  -s-l  1’  i.M:-.'  <  erju  1 .  snntc  , 


!-i;’ 1 1 ..rie.l  ,-lxr;  r;.  th  cj  c,"  ens  ct-'.v  r*:r-j!:tur':c,  per 

tlcil'i.-l.-  vrju  llr-it  -d  i- ••••  •:,*.  u  :  use  of  Iwsvdor  e'.si'-.triet'.or. .  It 

F  i  ■  .i.pi  -.'j  a.-il  c..sr«r'vc  costs  by  incrcu,’,;- 

;.  .  • t;  ;  •  r  ..rprise  a  (ilwn 

st.T  '.  .'j  .  .  ..II"-  fu'r  l.s  t  r..  cl  :i  -St  ‘.he  or-errorcy  .-lieiuor  for  al.'. 


aiV.,.Ln.-j  .-f  Ir.'l  it  r;e-.tt  l.t  bjllilrf::  pleus;  not  tkl 

ovjrl  -  ,.'l.  t  S.'l/  s  ti.  -^  'ihj  at  area  vf  pi '.'..actio.".,  but 

thj  viil.i'.ila  c  r.tr't  itl-jr  t;..-;-  r...  .sfiXe  to  the  ov«r-all  f*icet ton 


..I  i  i. l.-iy.'"  ..f  .  I.''.*.;"  --rfe -t  ;.v-jnes;i  J,«  warranted,  Invtaftisiei 
v.-ii.rt  ■?  .r'-i-t.  .../  ..'  r  1..11I.  jvl.ttcB.  ao,  ‘ha  taSuVt- 

B.it  hi-,.  ;  .  .-t:  ri  t,!,-.  .’1  ,xj  M  •.vsrr.ted  hy  art ''gttwnts  In  floor  area, 

'■.a-ic.'  rV  ■•.srl:-'.,  .1  .  .iv.-it  ’f  ec.'.C'.'v  I'.l  •.<'/»!  #r,{lne«rl!iii? 

pru-t'-'. 

.  u  jr  I.-  ‘  .iJiM  p.-cll.e.lrary  sertenlr.c.  Its 

si.clvir:'  '  SK'u’  t  .■  ..  ec*'!  t"!  a  n-irr  r-«  .tetallai 

t'.v- -t*.  ri ;  i  .  /j:..  1  /.  *  l  lesrrlbe  ucra,  a  avli  e^fateeintlre' 

t:rl  .f-ii,  ...  A,  ,  •  I  j-r,;  ..ice  1. 


Iv  ..  .1  i  .  ;■  ••ter-, 

butltlr.fl  w:  •  ;  .iter  i 'Ts 

ti.io  <T  :  r'.st  t.mt! 

fur-lr.r.  ror  ;  ;>r  t  •  .-t  i  .■•.  t 
wl.I  :f:  ' '  •  •  i":"  -T.  ,  j' 

■0  ..iij.lv  S'.  ■  1  i  •  '  r 
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seems  x^asormble  that  fallout  coricentratlor.s  could  he  coctrolled  if  the 
potential  natiarrs  e  round  tart;'?',  conponents  were  understood. 

For  bulWlngs  situated  In  an  air  stream,  the  region  of  most  extensive 
turbulence  (and  hence  the  nc.-.t  lli.ely  region  for  au:usulatiug  f&lltjut)  is 
cl^aracti'rlzed  bv  a  lovr  air  pruesure.  The  main  bedy  of  this  low-pressiire 
eddy -region  is  located  on  the  dovnwl;td  side  of  the  buildlag.^  A  taall 
portion  of  this  eddy  pattern  na:^  sonetlnes  lie  on  the  roof,  also. 

3::perlnental  data  Inciting,  the  alr-pressure/prjrticle-doposltlon  rela¬ 
tionship  cannot  dc  estimated  quantitatively.  It  can  only  be  assuzaad  that 
inrirenres  in  the  nice  o/d  frequency  of  low  pressure  regions  promote  In¬ 
creases  In  ti.e  cold Jct ion  of  fallout.  Wlriu  tunnel  tests  with  mraerous 
typc-n  of  building  rvdiels  x'rovJJe  Meenurenents  of  these  pressure  regions 
us  c  fu,".et.'on  of  uudlllr.g  pjonct-v  *url  orientation.  The  results  as  repor¬ 
ted  by  IVanc^’  rur.nish  valiiable  clues  (of  u  qualitative  suture)  to  thoce 
bullllng  properties  which  sU-fJ-.t  influence  fallout  deposition.  The  more 
sirpilficar.t  Tlnlingn  ere  currarl led  below. 

(l)  Building  geemetr:’.  In  .general,  the  *li»  of  the  Icrv- 
pressure  roglon  is  directly  pr.iiK.rtional  to  building  hsl^it,  ftor.tal  width, 
anl  r'.cf  elepfr.  Ti;us  a  flat-t'’ppei  bull  ling  having  a  eq-'s***  ftrontal  area 
chauli  provide  the  umuileit  pi-escuro  region.  H.it  .specially  true  If 
Uic  bulldlnc  depth  Ik  two  or  more  times  the  bulLllng  helflfJt.  Ciruuler  depth 
does  not  causa  a-n  apva'eclable  eniargenent  of  this  low  jreesure  region. 

Hoof  overhang  also  affects  the  magnitude  of  tha  air  pressure  region. 
vor  Instance,  if  a  wlrdwari  overha.ng  Is  on  the  tall  std*  a  shed  roof, 
the  low  pressure  reglcn  vlU  increase.  Sdd;'  effects  ertr  low  fiat  rooft 

fmm  •  V  A  ee  v4«tMek>4  Vee  ^  #«.«»  .s»V*  «»  «»s»  ♦  K«a  4  as  «%e  H  •#4* 

•.*  ••...va 

(2/  Building  orientation.  Since  preesure  regions  develop 
with  incr'-’c-cd  frcr.tal  urea,  bul'ldlnj  ortsntstlor.  with  respect  to  the 
irvvc' ling  vlnd  imi.nt  else  be  tahen  into  accoun.,  Figures  5-10^  and  5”li^ 
shfv  four  is.clc  bull  ling  plan*'  placed  in  various  uttltikles  to  a  wind  com- 
Ict.,  f.“ora  the  left  side  of  tluj  illustration.  lt>o  or Isntatlons  rtoultlng  In 
air.  u;-.;  Irv  prcc..--ur'j  regions  (gray  areas)  ore  in  brsekstj.  Bccept  for  the 
U-bhurcl  .’Ian,  llilu  :od.nlui-vi  ccndlticn  exists  vhsn  the  building  presents 
tiic  least  arvcuit  cf  rrojecte-t  sell  ar»»  n-craal  to  the  vind. 

Cu  scallcct  proes’uce  region  le  that  of  tJa  narrow  rectangular  plan 
at  the  botton  of  ri.-ire  J-IO.  Tl'.lr.  e-ih-tsnti'it*#  the  esrller  conclusion 
concerning  rqiora  front  bulbdl.ngs  ttjut  are  at  least  twice  aa  daap  <u  they 
are  tall.  Other  shapes  no  doubt  exhibit  highly  destrabia  aerodynssBlc 

-pressure  reglcn  exists  on  the  upwind  sldn. 

2.  Reference  13  in  blbllograpljy . 
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ur:.  port  to:.;  cylirvicr  j.:tl  t'l/i  lono.  Altiiouc)i  thc.-.o  ocnf 

nay  be  l^cal  In  jcm  laclate-l  cna'T,  it  would  be  cnstl/  t.-  Inteyjte  ti;efi 

into  a  billdln,:  corpiox. 

TJir  behavior  of  wind  anl  fallout  patterns  arotind  a  clven  bullJli.:;  Is 
further  Cooplical'id  by  the  pin.>.cuce  of  oljacent  stniotu.-nn .  Wlth'r.  a  tar¬ 
get  eonplex,  i,!*.*  size,  spacing,  and  orientation  ci’  bnlMlnga  with  respect 
to  each  other  represent  factors  known  to  affect  wjjid  volosltics  ard  pioc- 
euras.  For  oach  ecraplex  imdoubt-jilly  there  exists  sons  optii.  ca  build Inp; 
placesient  ichene  which  is  leart  corv^^uclve  to  the  cidylng  of  air  currents 
and  the  deposition  of  follrnit.  UnffTtunately.  tlx-ro  is,  as  yet,  no  suit¬ 
able  axperlBcntal  Mteria’.  dealing  with  this  prcbles.  Any  cccr>;rits  on  the 
expected  behavior  of  airflow  ai$ong  butldlngr.  would  ho  based  solsiy  on  con- 
Jact'ure . 


(3)  olnpllflod  design.  JUst  as  building#  disrupt  the  main 
air  flow  over  a  target  area,  n>c3croua  Irrecularttlen  in  tho  min  otitllr,o 
disrupt  the  airflow  ever  a  otruct'ire.  Siw  tooth  roofs,  split  levels, 
poc>.et»d  va11«i,  •v+ornal  ducting,  blower  houslncs,  llglit  wells,  hlf^  para¬ 
pet#,  etc.  «dLl  prosnte  eddy  currenl#  anl  tho  collection  of  foiirm'-.  £r 
general,  construction  with  a  islnlmuri  of  Irrcgrlarltlon  betn  in  profile  and 
plan  would  dlxlBlsn  the  oirotia*  of  fallout  d«poa1  tad  over  a  jivan  atmetura, 

(h)  Collection  of  resuspi‘i>i>?J  fa1  lout .  tall,  vMo,- 

thln  object#  create  t>J0  iwiDacc  -l<'wnw< -u~eily’  regions,  hlRl,,  solid  fences 
or  thickly  pJjLited  r.iwt*  of  *hrubc  isi.d.t  be  useJ  d«'  C''lle;t 

fallout.  When  properly  loca+e-l  upfitdl  of  inportent  inctal ’.etlons  extensive 
networks  of  tliese  baffles  wild  interccjit  at  lca.it  a  rort'S’!  of  tl»  resuo- 
pcfvied  fallout  bloving  over  the  ai»-face  of  tl>e  gro'i'vl.  a  s/sten  in 

pfvbably  aore  suItfOLc  in  aurw.ntlnr  the  rrotectlon  e  h”tHtrr 

or  a  an^l  cluster  of  Vuliaings. 

Security  fer"en  aIr«Q.i:'  <•'  •vi. •r-'u.Td  eoit  itilKaiy  estahlish- 
saiit#  aigJit  be  rea.i'1/  con/ertod  into  baifioj  )/  attaching  continuous  run# 
or  canvas  on  the  uprlni  slue.  E*o.i  low  fences  c> , 'd  terse  to  linjiCiU*  the 
bovcoont  of  gro'xnl  dcpv'rltB  of  fallout  in  rrich  the  sirr-c  way  #o  *nov  fences. 

Cor:tarinaMHty  of  :>u-fa-tt .  Allh: rush  factors  a#  build¬ 
ing  gcor.ctry,  c:-niigvoTl  xi,  u.*!  orict.tat lor.  nny  Influer.ce  tlxt  a."r>aul  of 
fallout  ccliectlcn,  the  retcntlo.i  of  thJ«  Mtirla.  ,»  liugely  a  function 
of  the  r.src  djtallvl  eurfa'-e  corvUti-un.  itiuo  sa^en  -rpr-.'i  tc  the  sane 
contanl rating  envlronocnt,  scsie  constrvict loi,  natcrla’#  will  retain  m-sre 
falloot  tlxm  <Ttl,cra. 

UhforturwLol.*  there  n-*,  nf  present,  no  direct  nethols  fetr  neacurlrsg 
fallcut  rete.nflc'j,  Conparatl'cj  cotiraates  have  been  s«1<i  isn  M-a  basis  of 
a  Dorc  reoiUl/  lel'n-nlrcd  (juantity,  do  sor.tnnliifvl.lllty .  Ry  'lefl.-ilt!  ri, 
this  tjunritlty  la  l.-sversely  proportional  to  corttaiiinnblllty  ts'Kl  ii,  inaticrlcaiJy 
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Klcure  5-12.  RclfttJvo  Cv-ntecalnablllty  of  Con8tru''tIor* 
JSikto;  lals  -/  Vet  %£  Datorslnci  t>y 

u?  tfider  Sotaratlrn  '•s.'vlltlor.s . 


wlior  to  the  saturntlnc  effects  of  ■  •Isii’.ated  ralr.out 

nUo  tdct  cnvironctcr.t  reju'-^serted  fellout  resultl.i^  f::ya  *h  u.'.dcrv.iter 
detonation.  Tlciure  5-12  jrsseiits  the  rcaultc  of  this  one  Invest  I  pet  1  m . 
The  aifjujit  of  liquid  hold-up  vac  considered  to  be  proportional  to  surface 
contan '  nnb  1 1  it  y . 

7.^  dcoortarL! nation  Infomotlon  ."Vor  laboratory  and  field  exparloenta 
In  VO  Ivi. various  of  fallout  ter.de  to  verify  tlie  association  ’between 

coiitar.inablllty  a' i  s’urface  condition  Illustrated  In  figure  5-18.  Biat  le, 
ti.c  Kor-  :  rcortnnira’-lc  naterlala  pccseis  cno  or  icore  desirable  surface 
cljErn:t:r'  ti:.;;  naroly,  harlnese,  s'withnees,  Inpormeabllity  ajvi  chenlcal 
inortnes..  lS;ese  ehfiracfrljtlca  ere  exhlbltwl  by  the  leaa  contaaslnable 
rateri.lc  In  t’w  lover  half  of  figure  5-18. 

1.  "'.eu  ii’j  In  bllllojprapliy . 
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(2)  Dry  f€LlIout.  For  the  cace  of  dry  fallojt,  vhlch  Is  of 
grcatect  concern,  sKCothnes?  Is  the  controlling  factor,  r.jcrc  are  two 
inrortant  aaperte  oT  surface  iiaoothneos;  (l)  ihe  intimate  texture  of  the 
l  u'lilin^  rmterlals  thoraelves,  rnd  (2)  r.he  t?:ncral  conrigiiratlon  of  tlje 
surface  system,  l.ole  5-X  takes  both  featurec  Into  ccuount  by  rarklnp  a 
representative  fsampling  of  bulHint  nai-eriala  and  surfaces  in  their  expec¬ 
ted  order  of  increased  coataminnbillly  (decreased  decortofnlnutillty) .  Afl 
ail  exaiple,  coecposlt^or  shingles  ranx  below  built-up  roll  ruoflrK.  Although 
the  t.-.dlvldusl  meter  Inis  arc  identical,  tie  sl.jrniles  are  se>nrttted  by  joints 
and,  therefore,  creane  the  more  cont ami n able  surface. 

Herniir.c  of  cost,  unavailability  or  over-riding  reijulrcaants.  It  iray 
,1  joBsible  to  enpioy  such  preferred  materials  as  metal,  plus- 

tie,  oeromlcs,  etc.,  wlilch  head  the  list  In  table  5-X.  Assujalng  that  the 
naterlal'i  appearing  in  the  lower  portion  of  these  lists  are  unacceptable, 
the  ucluctio..  then  becomes  (pilto  restricted  .  In  order  to  alievl  stu  i.iiih 
nutuliun,  improved  wuys  of  faratn-.  Joining  and  finishing  three  mutei  iulo 
which  arc  avallaliio  uust  tx-  developed.  Sc'/tral  examples  for  acJilcving 
snoot). -r  surfaces  arc  as  fellows: 

(a)  Pour  concrete  against  ataal  or  plywood  fonts. 

(b)  Sack  concrete  with  gravel  ui'  r.  mixvure  of  k,.ind 
arid  cement  a.nd  flnisn  with  a  steel  trowel. 

(c)  Make  ac'rtsred  Joints  flush  with  the  orichs  cr  tiles. 

(d)  Or.tt  the  coarse  sand  from  the  flnipi*  coat  on  stucco 

walls. 

(cj  t'sa  cleanly  serfaced  wood  aiding,  apply  vertically, 

and  calk  ail  Joints . 

(f)  Kllainate  one  gravel  from  built-up  tor  or  asphalt 


roof  l.';g . 


(g)  iinplcy  asphAlt-base  coatings  and  cemur.ts  over  roofs 
of  concrete,  calked  wtxyl  decking,  or  plywooil  sheets  havlnn  taped  Jotnts. 

(•))  fJemor.t  coBpc'sltlu.n  shingles  along  all  edges  and 
fiir  th-j  r.tc  with  roefing  nenepou-M . 

Ttue  ima./' /.stive  fJe8!(7ior  who  la  faalllai*  with  construction  practice  can 
prcbnhl./  tfhrJ;  of  nuacrr’i.n  other  weys  of  intcitratln/'  coixnon  fwtcrlnl  Int/, 
s/uot;.-^  trfav*.  r./'it  .'r.n .  In  xcoplng  with  thets  efforts  it  Is  important  to 
clean  up  the  rrcr-all  design.  That  Is,  the  slimlnttlon  of  eornlee.a,  led¬ 
ges,  sUlr,  ini  other  tmneces.-ary  projections  will  further  reduce  fallout 
rctentl')', .  fhln  alfo  laeano  that  sone  of  the  now  and  very  attractive 


Table  i-.C.  jkpx!r^”i-'2at6  ilanhln^j  of  Eullilinj  Materials  aod 
Uiri‘aC'33  Accord]  r.c  to  lacroaoJnc  ConLaiilnablllty . 


Plastic  or  yiborclaso  -  Flat  or  Corrarated  Sbeets. 

-  A^'flniin,  Terne  Plat3,  -ilnj  Copper,  laad,  iliic,  and  Galv. 
Iron  (corr’ir.ated) . 

Masonite  -  Ttspered. 

Eullt-ep  -  Pr-'parod  Holl  (siineral  oarfaced)  ar.d  Tarred  Felt. 

AlunlniJin  .^alr^les  -  Plain  or  Jr.aael  Finished. 


Clay  TJl-'  cirl  ;llatc  | 

Cotsposltlon  Cblr.jlos  and  Asbestoa  Slln(J.csS 
Concrete  Stingier.  a..l  »'*od  31.111,  J.43  | 


of  abo'jt  equal  contijs!  .ablllt: 


3ullt-yii  -  Tar  ar.l  Gravel. 


01a.',fl,  Ceranis  or  FIilsIIc  rail"!* 
IVcta.1  Panels  -  Steel  ar.d  AluElr/x* 


w .  *  . 
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Masonite  Panel?  «  Ttn^rod 
Concrete  -  Po-ure'l,  Sealed 
Jl;A«50d  -  Marino  Iv-po,  SeaJ.d 


Alurinur;  Si.l.'.glcs  -  Plain 


lr.a8,alel 


CIq;'  Tile  -  Ctricfiral 

Brlct  »  Clay,  Concrete  or  Cinder 

Gtoiie  -  ;5tj-uct'ural  or  F.tclnc 

AiDcctcc  "Idir.c  or  T.-cn'lte 

Woorl  »  S-Alnc  xxt  .i.nlnp.i,e5,  Stained 


of  abo'it  eq.ie)  ronr.wni P.ab  11  Hy 


curfece  treatnents  »icb  ae  aculptared  brick,  eonbed  wood,  washed  pebble 
concrete,  etc.,  are  not  recoeiaended. 


Still  anotl.cr  itcans  for  iaprovin^  the  C-D  pcropertlee  of  building  ex¬ 
teriors  Is  the  application  of  protective  coatings.  Oils  subject  will  be 
discussed  In  the  next  section. 

nothing  has  been  said  so  far  about  tba  ratentloo  of  fallcut  on  bulld- 
in.1  surre-reltnijf: .  .  e  sesrl;'  fcorlsoatai  attitude,  Boat  ground 

areas  are  q[ulte  contamlnable,  eapeeialljr  expoaad  soil  and  planted  areas. 
Paved  areas  of  euncrei.a  or  aapnalt  are  preferred.  BecMse  the  rough  tax-« 
ture  of  their  svarfaces  mot  remain  to  Insure  the  safe  Movetaont  of  traffic 
(pedestrians  as  veil  as  vablcles),  ada^putn  drainage  a^'f  ^>ie  afiectlveness 
of  faillout  resxnral  awrttvvin  mtat  ba  railed  upon  to  offset  the  Inherent  eou- 
tanlnablllty  of  pavenants. 

Aa  In  the  case  of  roofs  and  walls,  there  are  soot  acceptable  atabsti- 
tutes  for  concrete  and  asphalt.  Soli  caaent,  oiled  dirt,  paving  stones  or 
tiles  set  In  laartar,  and  wood  planXing  axe  sasgalas.  Open  ground,  lawns, 
and  planted  areas  are  not  always  cbjectlonsbla  If  Ui«y  a'e  far  enough  re¬ 
moved  from  buildings  and  other  obstructions  to  pamlt  the  use  of  agrlculL- 
atral  tools  and  eartb-oovlng  equlxasent  d’oring  the  anticipated  recovery  phase, 
•nys  Influence  of  slope  will  be  covered  In  Section  Proper  Dn-alnaga. 

c.  Prct-ctlve  Coatlniga.  Hadlologlcally  speaking,  a  protective 
coating  ls’’any  pre-attack  surface  treatieent  >e-.<rb  tn>jT’?v»s  ‘.ne  C-h  charac¬ 
teristics  of  structural  axtsrlora.  Such  a  definition,  bov^^■er,  einhracea 
everything  ftroa  dilute  water  repellents  to  heavy  layaea  nf  trout .  lr«  jrao- 
tlcc  the  tana  protective  cootlng  has  come  to  Inclu'^*:  fmee  relatively 

thin  and  tanacloua  films  ti-plfled  bv  Mint  ard  varlo!-*  <•••>-• . 

Considerable  experimental  work  has  been  directed  In  a  search  for  coat¬ 
ings  that  would  answer  radlologleal  re^ul: eaants .  A  2%t(^  assortment  of 
candidate  coatings  hav-  b-*n  exposed  to  various  tyuea  of  :’ailloactlve  coa- 
tarlnant  (real  or  eynthatlc).  In  order  to  isterislnc  tha  WBount  of  pcrotec- 
lon  gained,  tne  coatings  were  usually  decontaminated  and  the  res’Jlta  ccw- 
pered  with  the  decontaexlnatlon  effectlvaaesa  a-'hlevod  on  unprotected 
surfacos . 

Before  dlscusi'l.ng  the  findings  frop!  these  exp'erlfj.ints  It.  is  necessary 
to  loflr.e  "rffc'ctivencss"  and  "gain". 

(a)  Kffeett'/enaos  la  a  cage  of  the  decontmalnatlng  caivblllty 
of  a  particular  eietK^  or  proco3ura  on  a  gJwn  surface.  It  la  often  expree- 
sei  Ir.  terms  ot  tho  fraction  of  orlgiral  Intf.nslty  or  contaralrant  remaining 
after  decotitacdnatlnn: 


r  -  H/i  (>-<ji) 
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where  R  eqrjale  the  rosidunl  level  after  decontamination  and.  I  equals  the 
Initial  level  prior  to  deco.itutiinatioii . 


(b)  Cain  la  the  c<-r.trlbMtlon  o?  t.  irotocti va  eoatint;  towai-d 
i.noreaaliit;,  tlie  decontonir.  iblllty  of  si  surface.  It  la  determined  from  the 
ratio  of  fractions  rcaalninf;  tfc’ua: 

Gain  =  r  (:io  coatinc)/ ”  (coating) 

It  Ic  as.siumud  that  the  gain  also  IrkJicatt-s  the  decrease  in  contanlnrbility . 

(1)  Fixed  coatinrs .  lYor.  the  ts";'  eoat^ngs  tasted  only  a 
few  were  fc’irvl  to  conXribute  a  aiffiificant  amount  of  protection.  Tliese 
are  listed  in  table  together  with  the  base  materials  to  which  they 

were  applied  and  ic  cent  bo*  fiat  Ion  procedures  used.  The  degree  of  pro- 

tcctlor  provided  by  Vua  cuatingb  ia  Indicated  by  the  figures  In  the  oaln 
colurrih  for  dry,  slturr;^  (nearly  dry)  snd  wet  tj.’pe  contaminants,  'ihe  latter 
two  columns  are  included  to  supplement  the  small  amount  of  pain  i;  f  ormat  ion 
portalninp  tr  dry  conter.Ir.nni;.  Slr-cc  wet  and  slurry  contaminants  arc  more 
tenacious,  any  lA-soclated  gains  are  asBiume-l  also  to  be  echlevable  under 
conditions  Involving  the  more  eaBily  romo-zed  dry  contanlna.n'c .  Thus  all 
the  ccatings  listed  in  table  5-Xj:  nay  be  renslderM  appllciihle  to  the  dry 
fullov.  t  on-.e  -  when  United  to  tbe  naterials  and  docv-.r.*,  cmlretlcn  procodurcc 
ahowr. . 


Xlth  ever  half  the  table  devoted  tc  hovy  jK  I^lnt,  .•hs  -election  of 
protective  coatings  aipaaio  patnatleally  small.  In  the  cn.""*  of  paved  cur  ■ 
faeoh  thin  Is  pai-tiirularly  serlcis,  slrrao  the  effects  of  tra^'flc  are  not 
kno’ai.  Atv'  one  of  thus  four  ooetlrri-  r«ip»'euon-ed  may  have  to  be  renewed 
oeriudicall.v,  thus  1 '.c:  easln/*  tJ.e  coct  o'*  crotoctlon.  Mort  d’urable  and 
trafflcable  coRtincs  may  be  available,  V  t  their  contribution  toward  the 
decontanlnatlon  cf  rja'/ements  has  not  beet  d^temlned. 

Vfcoro  julldlnr^  are  cor.cerne-' ,  table  d-Xl-  it.  not  so  restrictive. 

Tl.'i  rather  iar,:c  (Aino  connectei  with  fav/  JH  pai  LodlcatOo  that  «.  o 
c jtcprirah.ic  ten-.^Au,-:  paint  should  rArhcll/  irprcvc  the  .lcc;>r.i./i- Inahilit, 
uf  LUilclln.-  CA-fccco  similar  to  the  ones  shown.  As  to  the  other  materials 
not  covcrcl  hero  that  appear  in  t.-ihle  i*-'»  obvlr.'^sly,  little  ghin  ui.ibi  im 
expected  from  coatlnic  naturally  scooth,  2.ard,  nonporous  ;aiterlal»  R'ich  bb 
gla..:,  ceram'cs,  plastics  or  tmnecrmslvc  metals,  rurthermore,  no  rains 
Ijive  boon  tioLvJ  ir,  u(,  ,«jcpts  to  protect  the  roupli  surfiicis  of  built-up 
rcsiing  with  sp-ciaUv'  preparM  coatliigs.  The  remaining  materials,  roof¬ 
ing  tile,  brlch,  and  rAsorry,  arc  the  sane  as  or  equivalent  to  those 
co'zercd  in  table  'y-XI. 


1.  RBf#r*rc*  -7  la  blbilography, 

2,  Slurry  was  tlie  amn*  first  ^dvea  to  fallout  originstins  frost  a  ahallcvw 
water  (harbor)  bwat.  It  has  since  falieo  isto  disuse  but  wild  ce  re¬ 
tained  here  tor  tne  convenience  of  dlfferrnti.'itliMi  beleeeti  th*  «*ia  of 
values  plven  in  Table  $-XI. 

Ou 


abl*  )«0.  Or««trlb^^lM  of  Cocttacv  !•  fm'n  tr 

Oki»  (O)  1*  P>#og1iMlti*  loi  (7) 


Ommt***,  tottA 
<Brc^  naiAii) 


r^ra^lM 


l.«At  fJ»  tiAl 


Zmmnm,  cttmU  K— tpA  nii«kl^  WiTn  lijinin 

(trovil«4)  Tawfltg  Bm1«  tHkl 


*.> 

.0I» 

t.T 

l.T 

M 

1.5 

.01 

IT 

■m 

JO 

!o15 

t.l 

l.k 

Cowvt* 

ftr*bo«tac 

1^  51  him 

1» 

1.* 

•Md  Stn^AiaA* 

■K«y  51  HKH 

£ 

«.« 

Wot  Uf&lA  ^on\o^ 

mn  )■  fir* 

ko 

flt^*^io4 

Ifefy  5i  HIM 

•n 

1.* 

E&£4  Sen^lad 

H«y  5B  Htst 

.»» 

*.k 

■d(  U«d4  >itLM 

B«fr  51  HIM 

.n 

(A 

AdoA  Sldln# 

fcay  5B  fftiM 

£ 

i.« 

C*»4  ?«vdbAlAA 

merr  51  HIM 

<.f 

ImA  atroMiog 

ItMAlli  iMla 

.M 

>.* 

lot  Uf4li  ^tlA( 

IA17  )•  HIM 

ka 

2»*/  r*  r^t-t 

£ 

to 

■««7  H  H*jr. 

It 

Zji  ixmU  ^ttM 

Myy  5B  HIM 

.'/» 

».k 

>1/^1  itn4 

H«y  53  HIM 

AS 

•  .T* 

Ik 

Atm  ^  HIM 

AS 

t.i* 

* 

9t*«t 

^raNrsHu^' 

•OS 

•Ml 

•wy  51  HIM 

.n 

T.T 

Bat  U«ci4  AMeU« 

men  51  him 

.1* 

k.J 
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•  .  ^  r^«  ocdy.  AU  oAhar  •»!«  for  ^vUAtag  1  ■flu—  aav 


I  c«  ««rAt«Ma  wrfiw»— , 


To  dato  tliorc  L?ve  been  no  teats  of  proteetlvo  ccatinco  on  these 
ator.e-Mho  nateelals.  'douever,  n  nnnber  of  coanercltl  eoatirujs  hove  bt-en 
aooliel  Lo  concrete  jar.plj'i  nnl  have  been  driven  uater  aboorptlcn  tents. 

>*ij  .Ittedl;,-,  r.u-'faee  re.  Is  considered  to  le  iontroUinc  dnrlii.:  a  ilry 

conta-tdriatlnf;  c/ent,  bit,  vi;en  wet  decontsmlnation  uathods  are  used,  the 
absorptlcR  of  rxjictur-  do  not  eo;>d'icdve  to  bd(i>  effect;  ■•enesB .  Secauae 
ttlof,  briehs,  ctoio,  and  slniiar  anterlnls  exhibit  a  p«.ro8lty  and  absor- 
bnblilsy  akin  to  concrete,  th-;..e  water  absorption  t-  stc  provide  scae  clue 
to  ti.e  pr  'wcCCl/'  we  ;>  w  ^tiw.  O-  cereal;!  cau..  *  • 

T"!  tiiosi!  t.’sts  ;  ciercte  cubes  were  r'^ake-i  In  water  fur  in  hours .  'fr- 
coated  r.n:-.pleb  nvera  od  i.'(  percent  atscrptlon  d'u*ln6  this  time  Interval. 
Moat  of  the  eontin..  t-*3ted  lowered  this  ligura,  but  none  gave  a  value  of 
biro.  T:  bio  lints  those  coatings  whose  percent  absorption  tested 

i.aa  the:;  cr  or-inl  to  tnat  cf  Iluiy  5H  Paint. 

It  vat  noted  during  tl.ene  tests  that  ail  euuti.'igs,  othar  than  Fle»sjal, 
whit);  is  a  ’'ttcr-r^pelli.jg  penetrant,  vislSiy  recuiel  -ne  surrece  roagitness 
Ir.  eliltl-':!  t'O  r'J^’aclng  the  nbsorbnblllty .  Piose  ceatinga,  L.-on,  appear  to 

til;  oarfeciw.  huth  jij  definite  can  be  Inferred  vlthait  teats  Involving 
ralicactive  eontarlrij^  with  defin->l  ph^yslcal  a.*!  eheslcal  properties, 
h-vovt!..'!';..'!,  .sj;h  f;-a  pientary  if'.fcmatlon  can  be  cs-;f'’l  to  the  experience! 

p..T  v!.-'  I;'  {.li'c'  /l;'  orr-is-coe-l  to  welg}ixr.g  the  core  conventicral  fac¬ 
tor..  1'  ?ji.t:.;^  doi-a;  lllv.',  fire  resistance,  cost,  or*  cclr. . ennnee . 

( ')  ;ier  .voile  c;.at*n.-s.  Hic  posElble  center-.l nation  of  njvaJ. 
vessel;  by  filloet  h.u:  cr.co-.tragsi  the  develcj'scnt  .-ft  cpctc^  class  of 
pu_:;t,  :  ; c. v.r.-.tblo  ow/uvlnj.  T*^l;  type  of  ctatlng  is  daolgied  for  use 

over  cta.;c‘tn  pai.nt.  In  theory,  its  r-cicetlve  reaova)  istvns  the  base  coat 
Intact  e.-i  relative!;.  lYee  of  cor.tanl.natlon.  hncctlvenass  valuas  of  0.1 
t-^  0.0,'  hi!'.'"  oecn  cblalnel  li.  aefial  ship  recovery  ctperlaents  involving 
i ci'xi'.j  v-jt  f allcut. 

Tl."  =ost  prc-dslig  r-sTr/cble  ''oatjng  foriarlMcd  thus  far  is  an  alXn- 
II-  m.-.o  pal.'.t.h'  Its  rer.cvol  is  aceo.-,pllthed  In  tvs  steps: 

(a)  First  thn  s-erfaci  is  spra;«ei  with  a  3  percent  (by 
w»jld:t)  solution  of  cCTion  boiler  cseprunl. 

(h)  Aftci  helibl  aiinwel  to  act  for  li  aiinates  the 
b  dlir  vorrpr.anl  Is  re-ooved  togetner  with  the  coating  by  preBSura 
strecES  r.f  water  (•!*''!t  or  freoh). 

i.  rcT.ee  I'i  1:;  I Ibll'. _t-Bpho'. 

0.  IV--'-  T.jIu’i!  Ilf'val  T’l'ynrl  c.'r"»ilatl o:;  hjl;lriw3(i  (Seferenca  If)). 


Table  5“XI1«  Percent  Wtter  Absorption  (b/  wt.)  of  Coat«l 
Concrete  Wocka.* 


Co«*.lnfg 

Percent 

Absorption 

Ker-ufseturer 

Fitew  In  Yir.  -  Z,  i 

0.3 

tonsjuito  tben.  C-^. 

Colorfloor  XX 

0.3 

Trenco  Mf,’.  Co. 

Ai%or  Q 

C.b 

Amor  baba,  Inc. 

Pll-ti’«rv3l 

O.k 

Glitlien  Co. 

Par  a  cion  Al'-tednua 

OA 

Prota*-A-Cota,  Inc. 

Scvincleua 

0.4 

Pa"*^ole'as,  Inc. 

IVih-O-Llte 

0.5 

0e!kK»  Paf  •  Co. 

Force Ion  Clear 

o.> 

pri)t.e*:-AH.V>*.»,  Inc. 

3urf»  Sni« 

0.5 

Ruat-^/la'CB  t’'rp. 

yciior  1701 

o.> 

Chruuiun,  Xno  ■ 

Amortec 

0.7 

"jroor  baba.,  Inc. 

miivar  <5  >  •  epon  0  A 

In  K3:  -  < 

u.J 

Monsanto  crews,  co. 

Vlexaeel 

0.6 

flaKrocA  Co. 

y^-'Kv-  fc  i,  yt 

0.6 

Shell  Clie.a.  Co. 

Arsorlo^ 

o.y 

,  mor  Labs..  Xnc. 

Haze  Gray 

o.> 

U,  Hmvy 
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1:'.?  I;a". iVTiOit  rcr.'vrii  zf  thla  zon^Jr.c  Ij  a*  'at'!'  r^i' 

;  vi  t  ■■-ji.-i-j  ;*!:t  ;'C'  .;in-Jt,c.  i>-Hvery  : rf?;:.  or  1>0  to  2(X'  j-i  ajil;; 

n  l.v.'h  nr---  r  ■  i-ii i-r  ‘ .  r,  —  alio  iiCc-i^.s-iry  to  aac  a  jjicclal  r.tzzl: 
•.■.■.ICi.  V  '  a;,;-  i  .;ii;i  .‘i.  1  ..t/ja-.  inv*.;;."  an  Ircrl-  le-l  a  o*"  Ij  to 

3o  j.i-fZ.'zzz  .  i!c  if  '.al  -I  vu;;-  vlth  crr.o,.itl  nn^zi;"  as  ar^  UP(!t 

aXZ'C  ■>«««  • 

r.m;'..!  yt'.-?  •'  t;  nt  arz  I's-tTy  tra'r.r-.'rt'^l  by  fl  nr.l  the  paint 

root’.’;?  Ir.  ..t  to  zlc  :  JL-ai-.n.  Alt5.o'.j.jJ.  it  is  iolievoi  tln.t 

,-r.'-.t::  T  z-.-  .-2  ^''xVstlvzly  r' !  of  Jry  ftHont  rotertal,  r^tajvnhle 

rontl.’.y.;  iu'i  n  i  rii  to  *,  o .  ?:  on  t./^,  r  .’ta,- j' Ij  o^  atln;;  ore  a  Cj.i- 

vor.'cit  c:'.\  of;'.-:ilv2  or  protxottn*  r.ralr.st  thw  tlity  of  aorc 

-ti  '.  -'rr  i\r:z.  >  .'  fnlU'it. 


vK  oX.//-:?y  CP2i,'7IO"S.  it  vta  expl«itn?d  arrl- 
lor  t'l.l.t  . '"ti'.T;  .•.•n.i'i.--' :  vi.io;.  rcl  i:«  the  ioil'*ct:ur.  mnl  retention  of 
■'all-  t  u'.  ,o  r-.O'  It.;  r  i':  co;j  12 '.t  roajvol.  "’•.o  eor.ir Itutltn.’j  of  Eprerai 
itr  j  i; 1.,  '  V'f.llol  ."•>,'  ■.(.1.'...  <  f  tor-'et  turfoien  ('ilsc;  «se,l  ir.  the 
t».  ;.':v.-.tl.,  ''0:: )  t.vro*'.  fni' litoti-.L  i"  a-e  ir.pllrit 

'••i  1:  •;  ,;'t.  v.i  .'.•zi  r.;  .  o..  trootjj  5;.-e;5fiooll;'.  Ikwe.-er,  certain 

(  ;*.r.to..l'’  .  T.tx-:.'.  a,-’  •!:r*-“t..y  .j  t..-j  J ’ jo.'.ttzri'-.ttlon  procosa 

a..i  'i-'T  .l.c;'r.!l 


a.  •:  A.-2a.i.  i'i.e  cx-i'-lstc  nyylt  ‘  ;lon  Of  ralio- 

l.-ic'i.  ^ -.r  w  .u  nrerij.1-  t..«  .0.0:  .  ,r  ^sct.iuu  iu.i*iiio> 

.  '2  ...»  rvc've:.-  vriM  !;•  ■"■••'el  by  boo*  y'rn  o-.ly, 

."..at  o't-'slly  conslift  of  jt'.Oidr.n  f/*reo.nr.ol  alr^al.. 

o-.  i  t-.  ..  ......Ir.y  B  military  .a..c  0 ;:'.:2li.'l2  fr.s.  sl*.*',rzt  Is  not  cor.er- 

p ’"‘..r  1  i\  iri:  •it;.'  itea  'ti  one  trji.'isia  'ji  >M 

.  1.  it."  --.i  vlli.  (t'll  flwr.l.ori 

•O'  .  ‘i.:.'  r,..j  ;f  .''ill;!",  :v  .r.  r 8>'tc.»il.-.y  bey- 

(■  ,  t.  z  ..  v..;'.  •.  .•■  it.zt;;.  "  It  •— r*ci  .Tiel, 

i . r.  ••  • I'lUUi  r'hece  r;r  'T';.*/  •-•ill  s  jrrrer.trntcl  on  thtar 

...■."...■■'.I',  ■  that  a-'i  '.'ItoJ.  tx  tt.-  -'O.-lr  als'lor. 

t;  .'".i  •,,2  p'O'.ocIllilty  of  '•*.;«  rt«rt  t'llillr.yB  a.-.!  ml^'n'ent  x-rna 
;  n t'.  >’.*  !,;w;.'iy  o;.i  alTJZtlvc  .-c-y-.-j.-y . 

(’)  A:  :c.-r  1.  IJ  Ity  .'•.:.f'i.  Jlf-tT"  '.'f  tVr  .yerter  v-.t-er- 
r' ;  1 yjy-.-r  t*. .  r  .en-"  (»-  wnt -a),  rr.uVy 

.0  y.'r  .t  a..,  J-, y—o'.  ;o  rv..."c  we  Iie- 

r.l.,  ,  r",,;  ■  .1  .  .•  ;V  12  9  ilii;"-:  ■..  ■  on  .'er.i  ti«  y:B  .•hlni.j,  v.' 

"ca;  rr”  K'r*  r'.,-  j,.  p.cooi- 

l?;t  r,'.'  -v.  rvan-  ~S  rea^l.';;-  tic  ;  --r.  ■’  r-iltiatirljl  bill:.,;.,... 


. .  '...c  .t 


atj’iiyicr.t  ( 


'.y,  '  j.-j  ;n' I  .  “k-C 

*-  ,  .  . .  M,  .f  T'  L-.-,'*,  t-c  t.-  the 


BEST  AVAILABLE  COPY 


Fixed  vcrt.cel  Indicra,  ac  fouivl  on  nai'iy  torracko-type  etrunturcE, 
are  adc<iaatc  only  when  porjorn-.c!  are  not  corrylrg  equipment,  flrehoaen 
and  related  itcr.r  na:’  be  ralt'^l  on  ropes,  if  tulldtn.ts  are  nut  t.'?  taill. 
Exteiu;ii-ii  ladders  (14  to  feet  lo.ng)  are  also  ustiful,  and  aie  aaf<*  for 
Bien  and  equlpnent  vh«n  In  t.'M  banda  of  trained  personnel.  Fevered  aerial 
ladders  can  be  used  for  talg^ts  from  ^  to  100  feet.  >k>blle  cranes  alflt 
also  we  c«uylOj.ad  for  sukltlstcrled  atructures. 

Low  ooe-ctory  building  do  not  present  tmeh  of  a  problar'.  Still,  the 
accesalblltty  of  thetr  roofa  can  be  usually  Irtproved  by  tlwi  addition  of 
Inerper.alww  but  penumentV  Installed  alanted  ladders.  Fork  lifts,  when 
available,  represent  anotiier  Mans  of  jpiactnj  people  and  derrontaalnatlon 
gear  atop  low  buildings.  Including  aven  eciee  two-story  stmetures. 

Fire  cocspanles  (vtfltted  with  towar  trucks,  powered  axtennion  plat- 
forao,  and  slallar  devices,  aay  be  enlisted  to  put  resoveTr  crews  on  sojso 
rocfc.  Wbere  ftrehoslng  la  Judc>*l  to  be  affectl'/«,  euch  equlpaent  ca;^  be 
used  to  wash  roofs  freo  alongelda  buildings.  Roofa  lia^d-ng  a  pronounced 
pitch  Bay  b«  effectively  iccontastinatcd  by  lobbing  fire  ■treams  free  IIjo 
ground.  FOr  tar  and  gravel  roofa,  hosing  ssist  be  conducfl  at  roof  ie%*ol 
to  Insure  the  eorpiete  rer^oval  of  loose  gravel,  wb.lch  tendj  to  impede  the 
transport  of  tlie  itliout  deposits,  becauf*  tar  and  prsvcl  roofs  lisvo 
very  littYa  elope,  flreboelng  say  be  perfonao'l  atop  tiie  r-^^  In  ecosparatlve 
■afety . 

(2)  Ascessiblllty  of  P'yU.nd  arras.  Tir  a  r::ov«ry  effoit 
coegirleed  of  rjsn’osJ  motnods,  aucb  as  fixehosing,  scrubblna,  spedlng,  ate., 
■oflt  b^Jlldlng  fyraode  and  ftrr^v^^nc  v<s*»  will  be  r:«lll.<  sccortlble. 
this  may  not  be  the  case  for  a  rac-very  Ojjwfallcii  Isir'-ely  on  motor- 

of  persca'-cl,  by  virtue  of  the  Increased  sbleldlnr  a-nd  reduced  slay  tinea, 
critical  areas  etutl  be  lufrle  actesbltle  to  SKdorlirl  oij_l.t-ent.  For  tills 
reason  plarcxrs  of  Rllltary  r.rplexss  #bi-n)l  be  ger^urixis  In  dlmBtisKiilrig 
streets,  parking  areas,  yarde,  and  dividing  stripr  between  buildings  to 
allow  freedom  of  prv-Tcnt  of  heavy  equlpejsnt. 

The  space  mjilre-l  to  “uLnauver  a  piece  of  Botorlied  c<julyraBnt  Is 
deterciricd  by  tho  width  of  iSC-dcgiee  turns.  T5il»,  of  evruj-se,  Is  dopenl- 
e.nt  uper.  e^pilpcvent  else.  Fi,jjrea  ^-13  end  5-l!*  rtoolct  t»»  Incretfse  In 
turning  width  a«  a  funottoc  of  Increased  hauling  capacity  (or  slse).  for 
etreet  sweepers  and  *crap«.-i»,  revp'ctlvely .  Differences  In  design  account 
for  thw  broad  trends  sh'vn. 

Since  tie  capacity  of  pcpoiarly  uced  sweepers  Is  usual!.'  J  rr  l»  yards, 
figure  5-13  Indicates  that  streets  ou^t  to  be  at  least  y>  feet  across  to 
pesAlt  tundug  between  Intersections .  Wl.-ere  larger  dvoepars  are  e*j>ect«>d 
to  be  used,  widths  will  have  to  be  Incienscd  even  more. 
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orv-lK-d  sci'apers  «nd  rr^  CXOi'^rn  Bty  be  used  In  sakLnj  lone 
r^ts  req  ;lring  no  fhert  turns.  The  turning  vldlii  uX  groJ-srs  varies  f.om 
to  feet,  doperiilng  on  the  destfji. 

Advantage  should  bs  taken  of  the  cleaning  potential  reiiresent>:<l  by 
the  sisalJ.  Industrial  sweepers.  As  can  be  seen  fron  the  graph  of  turning 
width  vei  sus  capacity  In  figure  5-15,  these  aachlnes  will  reach  areas  that 
conventional  aweepars  cannot.  Drlvewave.  walks,  cou-tc,  exposed  corridors 
and  open  Intwlors  are  accessible  to  industrial  sweepers,  ly  substituting 
rssps  for  stairs,  ele/atsd  areas  such  as  loading  platforas  functional 
dec':?  cat!  also  be  niadc  accessible.  Then  too,  rsa^  are  aorc  easily  flushed 
and  drained  than  stalis.  If  decontsrdnatlon  by  hosing  la  ftxind  preferable. 

Many  areas  accessible  from  lie  standpoint  of  nir-  hove  obstructions 
which  restrict  aotorlred  nethods.  Utility  sheds,  pump  liousos,  ser'vl.co 
poles,  latrp  posts,  trees,  s.u-uta  and  service  setei  s  are  coarson  obstacles 
to  the  !cc-/ener.t  of  heavy  e<ia«p»!ant.  Interference  or"  Blr.ijaltcJ  by 
pLacln:  such  facl’-ltles  wlthir  the  asain  buildings,  where  possible.  Soiaa 
flxturos  can  be  ellsiinated  or  located  to  provide  the  proper  clearances. 

ijerurlty  fences  should  be  place'l  so  as  not  to  hinder  mcchanited  re¬ 
covery  eperattons.  Roll  curbs,  ranps  ar.d  .nclnforced  wilks  will  further 
fscllitate  the  movement  o?  iicavy  eiulpnent  areas  not  r''-a»llv  tssdc 

accessible. 

When  plovlr.g  will  be  espl.Tysd  to  bury  iOctailnAted  atw-th,  underground 
obstacles  t.uch  as  ser'.'ice  lines  must  be  sunk  out  of  blode  reecb  cr  their 
l-xotlonr  plalnli'  rerked .  L’.  addition,  the  fyeund  shc-ld  be  prepared  for 

eecler  tilling  by  reaov.ng  tl>e  larger  rocks  (those  bey' pebble  site). 
This  precaution  will  also  reduce  aplllag*  during  scraping  operations. 

O'? i' Hi' i Til  asay  furti.fr  isiprove-l  by  fncouraglng  the  fonnath'.n  cf  roil  in 

a;'.;vwl  areas.  Tills  per^.lts  lighter  cutf.,  liiprown  Ir-r.li-g,  •'*1  reduces 
a."ur.t  cf  spell  that  crust  ‘.'*e  haul*.!  <..•  V-?  Jisirisal  uroa. 

"•  Aieiunt;  :.'r-tcr  gervlccs.  In  the  rerBovaJ.  of  fallout  frc« 
buILllr  go  a-nd  jevi.'i  urvaa,  nrcijciaing  is  probably  tiie  rvest  adaptable  and 
effective  r,cthc<d  unlviraall,'  avatlabls.  Fortunately,  the  water  consunpt  i.on 
of  a  recover,'  op-Tutloi:  c';!sJctir.g  largely  of  firchosl.ng  Ic  not  expectei 
to  exewi  the  capabilities  of  a  properl;,  designed,  noderr.  fire  f^.ohtlng 
iyslur.  Bve  iaBi.n  components  of  any  fire  s.yjtem  reo'jlrod  to  support  re- 
(.•cveiy  by  rirehof,lr.,»  are  the  vate"  reairrveii,  the  arrangement  cf  distribu¬ 
tion  lloer,  *4(1  t.iC  location  aixl  capacity  of  f.hi"  hydrants. 

To  cffectlwlv  firchocc  a  i.i.e;.  f a-.- 11 ,  .-yivcirisintcly  one  galloa  of 
V"ite'  v*.!!  be  vlc-l  for  ovory  aniore  foot  of  surface  decontanlnated . 

Bie  total  c  jnf.unjitior.  In  galJ.ons  will  then  apps'oxlmate  tlie  nuriber  of  .nquare 
loot  -'f  rooi'r.  anl  'nved  ereaa.  B.e  volune  of  w»t»r  that  should  be  available 
1;.  rcB^rvoirs,  tanVa  or  wells  need  not  natch  thl»  aonunt.  Th»  duration  of 
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thfl  flr«boslng  operation  vill  Jepend  upon  the  urgency  of  tbi  situation  and 
tba  affort  afleigned.  iniereforo,  the  water  supply  iieed  be  only  large  enough 
to  keep  pace  with  the  rata  of  coneuription  rather  than  equal  the  total  vol¬ 
ume  cJ^nded. 

Nbla  $-XIIl  abovs  Uut  raqulr-«d  anouzt  of  water  for  fire  service  Li 
the  average  city,  oorputated  froo  the  National  Board  of  Fire  Underwriters 
fOrsrrlal  based  on  population  alre.  Oie  dally  conaur^lon  for  norrail  water 
raqulraoents  uu-t  la  oJded  lu  UM«a  rales.  Although  not  directly  applxcanle 
to  sdlltary  ertsblishaei’ts ,  the  kabled  values  Indicate  the  ma^ltude  of  the 
water  aupply  pxoblen  for  either  fire  fightliig  or  radiological  recovery. 


Tbble  5-XliX.  Vater  Requirenents  for  Fires  in 
Average  Aaarlcsn  City. 


Fire 

flo\r 

Duration 

*  10^ 

(lo^  S[o) 

(ID^  gpd) 

(hr) 

1.0 

1.0 

1.11 

1 

1.5 

1.25 

1.80 

5 

2 

1.5 

2.16 

6 

3 

1.75 

2.52 

7 

k 

2.0 

2.66 

6 

c 

/ 

2£5 

3*^** 

9 

6 

8.5 

3.60 

10 

2X> 

3.0 

1.32 

10 

13 

3.5 

5.01 

10 

17 

1.0 

5.76 

K) 

22 

i.5 

6.18 

10 

26 

5.0 

7.2 

10 

;o 

5.C 

8/. 

10 

60 

I-® 

10.1 

10 

8o 

d.u 

11.5 

10 

100 

n  ^ 

13.0 

10 

125 

10.0 

il.l 

It 

150 

11.0 

15.0 

10 

200 

12.0 

17.3 

10 

1.  Rererence  ^  in  Dihliography. 


103 


■w*«wsp"wr^ 


The  Host  sotiafoctory  pljins  <*r.-3nceff;er.t  for  distributing  water  la 
thr  griJiron  atystea:  in  Hhl!.!!  dll  linea  sre  '.Toao-connected  at  street  intcr- 
se:tions>  3y  the  msniculation  of  control  valves,  a  grid  ayoten  can  be  made 
to  su'ply  water  to  s  vit.il  area  fror.  several  directions  at  once.  In  the 
same  r^^nner,  serious  breaks  car.  ..c  isolated  ohi  by-passed  without  lo.s8  of 
pr  -ssure  to  the  rent  of  tne  network.  Grid  Dams  less  than  8  inches  in 
diaaeter  nr-:  no  longer  considered  adeouate.  Dlsaeters  of  1?  Inches  or  more 
are  recoiK'iendea  for  long  runs  of  pip*  uninterrupted  by  cross-connectiona. 

The  hyd-ant  is  a  very  necessary  fixture  ic  the  fir#  aystea.  In  order 
tnat  hyernnt  p-'rforDdnee  be  consistent  with  a  well  designed  ayateie,  the 
National  hoard  of  P.re  jnderwriters  and  the  Nstlcnal  Fire  Protection 
aesociatlon  h  .ve  ouyge  ted  the  following  standards: 

(1)  At  least  one  nydrant  be  located  near  each  street  inter- 
aectlnn.  For  blocks  longer  than  <»00  feet,  an  additional  hydrant  required 
cidway  between  interaectio.ns.^ 

(I)  Hydrant  capjclt/  to  range  free  500  to  3000  gallons  per 
mjnute  or  rrre  in  direct  .i.roporti*'n  to  the  density  and  tcportance  of  build- 
ir.^rs  in  the  a-ea. 

(3)  Hy.rant  pressure  to  a  proximate  ?5  pounds  p#r  square 
ir.ea,  a.-.Jter  ;.isp3  will  be  neea»«  f„-  ssst  hoa..;g  .'cedurea  due  to  lire 
loojes  rind  pre  :  up#  requ:  rerents. 


in’  ( «iiieri  run )  Knlional  Standard  threnda  re-ommended  tr.  In¬ 
sure  maxing  connect! inn  between  hose  and  hydrant, 

«1  though  feder.i  apeel  Mra  "i  r.n  (Tx-C'^^la^  requires  at-ndardlsatlcn  "f 
hone  threads  wi ;hin  ;he  irred  services.  It  caly  partially  co»pll#s  with 
t.ie  f;urlh  recorr-enirttion.  For  Inst-suce,  the  federal  specifications  match 
t.noue  of  the  naeric.-ir  •Stionol  Sl.andard  in  the  2-1/T,  3  and  i-X/S  inch 
threril  fises.  "  s;  1  design  is  givrp  f-'r  <*  inch  thread,  and  parallel 
iron  p;;r  rhrriir.  jrs  specified  f-.r  1  to  inch  i-'res.  Tfcccc  and  other 
eomparisone  may  te  drawn  from  tabie,s  5-XIV  and  "-KV  which  show  ao-.a  of  tne 
many  i,..-o3i  si  m -ar  m  being  uaed  thrjughoul  the  United  SU'.e.w 

Thus  the  cinsiatency  of  thread  sizes  anrng  the  arced  eervicee  does 
not  guarnrter  thoir  comp-siitlilty  with  the  standards  ehoaao  by  civilian 
I'rr'-.jro,  Dur.ng  w  rtervery  wpc.'T.lir  it  may  t«  i*air  ble  to  t»irpcr*riiy 
increioe  tne  )t  ivery  of  one  taci.iiy'a  fire  syaicm  by  borrowing  pumpers, 
ho*c.i  and  auxiliary  equitmrnt  frem  fire  companies  located  nearby.  This  la 
f»s.sible  only  if  an  intorchangentl.l  ly  of  threaded  ccnneetlone  exista 


1.  Hyd  -.15.3  should  be  kept  back  from  curbs,  preferably  next  to  buildirga, 
to  avcid  the  cbstruciion  -f  mechanized  recla.rotlon  equipsent. 
g,  Hcfer-iiCe  el  in  bibliography. 
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5“XIV.  riro  Tlifead,  Specifications* 
(Uaxlmum  O.D.  of  Male  ‘Bircol/Ho.  3?:rcad'5  per  Inch) 


Zhreal  Standard 

M-TTonal  Thread  Slies 

(inches 

Sesl^uticn 

T=i:^ 

2  2-1/2  J 

Fedeiail  Sarvloe  - 
Anqy>  Savy  & 

Air  Force 

J  -t'lOU 
11-1^ 

ii-i/2 

j.v'-GO^ 

7-1/fe 

iC|2 

4.r!.3y 

6 

21 

U.S.  Forest  Service 

1.«783 

ITTTJ 

2.3525 

2.8550 

«» 

m 

22 

U.S.  Stral(^t 
(Fa.-anel) 
fdpe  Thread 

1.8783 

irt75 

2.3523 

TPW 

2.5550 

3.4700  3.^7^ 

22 

Aiaerlcen  itationol 
Ji.Molai'd  (TITPA) 

1^ 

2^D 

«♦ 

3i0^ 

0 

23 

Pacific  Coast 

2.100 

“IT” 

2.S500  3.0355 

Jli  7^'2 

' 

m 

22 

iiaatern 

2^ 

2.67W 

1-i/i 

• 

«a 

- 

22 

Chicago  (Crane) 

1.9^*6 

TT^T7*2 

iSil 

1 

- 

- 

22 

Chicago  Fire  Oept. 

1.9>>6 

u-i/a 

• 

3*0156 

7-1/2 

• 

4.070 

22 

W  City  Fire  Dept. 

2.100 

igjo 

22 

Mev  York  Corp. 

igso 

- 

- 

79 

♦•In  olDilo; 


a  of  lb#  tjp*. 
rapny . 


Table  5-XV.  Suction  Kooo  lliread  Specif icaticao* 
(Maxlnum  O.D.  of  Male  Ihread/No.  Tfireads  Per  Inch) 


Thread  Standard 

Kccilnol  Threi 

»'•-  Sizes 

(Inches) 

Ref. 

Oeolgiatioii 

4-1/2 

5#* 

6** 

No.*»* 

Koderai  Service  - 
An  iy,  ilavj*  Ck 

Air  Force 

a  .0002 

-5 — 

- 

- 

- 

24 

tJaOa  »jti  H*  3  ~  ‘t 

(ParaU.’l) 

Pipe  Tiurcod 

4 .4700 
~3 - 

6 .5380 

22 

Arwricon  T'atlcrial 
otartiai'd  ^i\exf\j 

i.01P9 

5.7^> 

6.2£C3 

7.0g50 

i3 

k 

4 

4 

Il.Y.  City  FI  ^  fji.-r,. 

4. '.'10 

4 

p.GOO 

4 

.  - 

- 

22 

/v.2;Tw-Fs  X 

> 

• 

6,2100 

7.T00 

22 

4 

Aneriran  t**  T^'anoe 

..•■n . 

6 ,  i‘y> 

22 

4 

Uoi'tar  p^,. 

4 

- 

• 

• 

•V 

*~falc  Klrj 


^-•gg^  g-p 


22 


yjuc.:  l>L''.’.;facturln<: 


^2 


22 


*  arj  tyye. 

t  ro -'/iTvenJ  L/  ;CFTA  for  Iv^rar.ta. 
W*lr.  Ui’J.y . 
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between  the  vartoue  fire  departaents  representing  military  estahUshnents 
and  the  neit^iborlng  agencies,  tovjis  and  counties.  Uiitll  an  acceptable 
h'-.r-’n.l  ntcr.li;’.-’  ' these  fire  orga/.lsctior,';  that,  might  assist 
i-"C'  ar'.t*''*r,  each  steel:  e  vide  oscortacr.t  cl  cpcolul  thread  ^lapters. 

The  eventual  accepta-,ce  a'^d  use  of  a  single  national  standard  vould^  cf 
coin'se,.  obviate  this  requlreiaent  and  the  psrohleB  of  IntarchangmabUlty. 

In  addition  to  the  distribution  of  water  through  ntre<ti.  valns  and 
hydrants,  ia^ortant  structures  are  given  added  fire  jirotectloa  through 
standpipe  systciir  vlth  outlets  on  everj'  floor.  Tor  recovery  purposes  the 
roof  is  of  prirar;  concern.  Bierefcsre,  a  ehnpllflad  and  inexpensive  design 
consisting  of  a  sli.glu  standpipe  having  oca  or  more  roof  outlets  and 
sheltered  hose  racks  should  be  sufficient.  Such  an  arrangessant  vouM 
eliminate  stringing  long  runs  of  large  capacity  (2-1/2  to  3  Inches)  deli¬ 
very  hose  from  curb  hyr^rants  to  roof.  A  ground  connection  to  the  stand¬ 
pipe  should  be  provide*!  to  peralt  the  use  of  booster  picips  for  increasing 
ths  water  pressure  at  roof  outlets.  ItosHe  pressures  of  60  to  8o  pounds 
per  square  Inch  vIU  bo  required. 

£•  Qj'alaage.  0»e  degree  oi'  trw;aport  of  Callout  particle* 

by  run-off~ from  wot  r-asrval  metbods  depacds  inch  upon  the  existing  drelnage 
conditions.  On  relatively  flat  areas  the  purtlelas  ssttle  o’lt  and  redepo- 
alt  on  the  surface,  thus  requiring  repeated  lecontaednatlon  pcsee*  and 
additional  volimes  of  water.  On  poaltlve  slopes,  sufficient  '/aJLoclttes 
■ay  be  estabUched  Is  the  ros-eff  water  to  prosete  the  Mse  transport  of 
fallwt.  In  gessral,  ctc:p>cr  rsiojn*  will  piwvlde  fur  raatar  transport  or 
Bare  railout  aaterlal  at  reduced  water  eonrseptlan  rates.  Thi>a  surfaces 
such  as  roofs,  grounds  and  streets  sliculd  be  given  as  mach  slope  as  can 
be  reascssbly  tolerated  in  treir  routine  l^mctlons. 

(l)  Building  Woofs.  Tor  praetloal  reasons  most  roofing 
materials  are  lustaJJled  at  a  pitch  of  1  la  £  or  steeper.  Such  slopes  pro¬ 
vide  the  dralr.ago  required  In  the  removal  cf  siibiolpeted  quantities  of 
fallout.  Built-up  roofc  represent  an  all  too  fToquenc  axception,  since 
they  seldom  are  sloped  sera  than  1  in  6.  Where  roofs  are  relatively  flat, 
tar  and  jpravol  surfaces  are  used  almoet  exclusively.  Obvlcmsly  a  rough, 
graveled  surface  having  little  or  no  alope  will  resist  the  mass  transport 
of  particulate  fallout  by  the  flow  of  run-off  vatar.  This  condition  can, 
of  co’jTse,  be  Irqn’O'.’ed  by  a  better  cholc*.  of  roofL--;  materials  (sec  Ssc- 
tlon  5-03,  b).  Bowever,  the  iwro  sutslltutlon  of  materials  does  not 
ob'/late  the  need  for  a  positive  slope,  wen  for  an  Idaally  omooth  surface. 

Teste  were  recently  conducted  on  t;,e  transport  of  pcrtleulnte  H»tt« 
by  a  thin  water  film  along  a  2^-foot  Long  plate  glass  plane.l  por  slopes 
close  to  zero  (1  In  1^)  and  water  'Hov  rates  under  10  gallons  par  minute 
per  foot  of  width, 2  the  particle  volocltlcc  vers  thcusoiUilis  ui  a  foot  per 

’ .  Reference  25 . 

2.  TSie  width  Is  thw  dlmsnsion  perpendl-uLu*  to  tb*  direction  of  flow. 
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second.  Tl;l8  ! a  cuai»u-able  to  ti  e  ^eiaoval  of  about  one  groa  of  moterlal 
per  ulnutG  par  square  foot,  ar.  cxtrenol^  slov  troncport  rate.  Firehoaln^ 
flat  tar  ««i  Gravel  room  will  reno-/e  over  100  ctoex:  of  fallout  per  nlnute 
par  "ouerc  fc.>t,  plus  an  estlwetM  UJO  Grans  of  loosa  rs^vel  per  ni-riLe  per 
square  foot . 

With  the  glass  plane  set  at  a  slope  of  1  in  24^  (tbe  ■inijsu’4  iiomally 
recojiaeniied  for  flat  roofs),  tha  macs  rerwval  rapafclllty  trereared  by  n 
factor  cf  100  vnlie  the  flcv  rate  decreased  by  a  factor  cl  10.  iliis  trend 
continued  f —  still  steeper  slopes. 

Since  roofing  aaterlsls  are  mch  rougher  Uian  g^^ea,  it  is  readily 
apparent  tliat  tb^  deslfjiar  of  protective  construction  aist  i^ve  all  pro- 
pcEod  flat  reofe  ss  pronlnent  a  dope  us  the-  affected  btilld.^rc  eienents 
will  ailry.  If  Gra'.'cl  la  excluded  frfw  low-pitched  built-up  roofs,  a 
slope  of  1  In  24  may  be  considered  an  absolute  alnt'rtn  for  tl^e  smoother 
tf-urface  systo-ns.  Beca’use  th*  rate  of  mass  transport  by  the  nm-off  water 
should  Ideall;/  approach  tie  loosening  rate  of  the  unpinglng  flrestreaas, 
slopes  con.slderablj'  greater  than  mlnuaua  are  desirable.  Without  further 
testing,  neither  the  cptlnua  nor  the  mlnlisum  slopes  ca.n  be  rotabllshcd  for 
rouflng  aatOilals. 

rn  hJC?i:-.g  with  gc'l  iralruige  requirement s ,  rin-off  water  pl-is  faU.out 
particles  crust  have  a  'aaar.s  rf  clocrii-y  the  roof.  For  rot*,  pitched  roofs 
there  la  no  problem  -  the  water  can  slapiy  peur  off  the  covs  onto  the 
area  below.  It  Is  assumed  that  the  sdi'face  receiving  ••hlr.  .un-off,  whether 
It  be  another  roof  oi  -be  s’jrioundlng  j^-cxinds,  will  in  turn  nave  adequate 
drainage  characta-lstlcu. 

To  pre-rent  the  cortanlonted  water  frem  running  Is-rwr.  bulMlng  walls  a 
moderate  roof  o^erlumg  should  be  provided.  Bile  ma;'  not  be  too  effective 
whore  the  wlr.l  ca.r  notch  too  run-off  and  bTnw  i.  against  the  veils.  Any 
exaggerated  extension  of  tJ.e  eevus  to  allovlote  this  situation  for  lew 
buildings  of  one  or  two  stories,  however,  encourage  tie  tr.croa..'Wl 

deposition  of  fallout  (prior  to  rccc-.'ery)  at  ti*?  b.*se  of  the  buildings 
(see  section  >-0J,a).  Tvr  ttOler  structures,  long  roof  ovorhsngs  would 
protect  the  walls  of  the  upper  stories.  Where  the  threat  cf  eontanlnatlon 
to  a  building's  sides  still  rwaatnj,  the  designer  Is  obligated  to  provide 
wells  that  constitute  smooth  wurfaco  cystenc  capebls  cf  l-elng  easily  de- 
oontaednatsd  by  fire  streams. 

Bilarce<i  ralui  gutters  nay  be  installed  at  tbe  cavis  to  Intercept  tha 
run-off  and  coirtr^'l  Ita  flow  to  tha  ground.  Sp>eclal  attactlon  iwst  be 
given  to  the  fabrication  of  Urn  down  spouti.  to  avoid  their  beoorlng  clogged 
by  the  large  quantities  of  solids  washed  fron  the  roof.  (Xittars  should  be 
hung  at  slopes  greeter  than  1  In  ifi  to  promote  tlie  swift  flew  cf  water lal 
throughout  the  eystaa.  Bile  type  of  Ins'-illfctlcn  is  discussed  atm  fully 
In  subsection  5*04,b,1  In  relation  to  washdown  wster  rvtarn  r«qislr«jents 


(2)  Ground  levelc.  ttiUke  roofs,  tb«  vbtIous  slopes  found 
at  grour^  level  witaln  "a  target  cocsplejc  largely  will  be  dictated  by  tb« 
existing  topography.  In  hilly  locations  advantage  jany  be  taken  cf  th'* 
natural  dralnagr*.  Flntter  sites  say  be  altered  to  a  Halted  degree  by 
grading.  In  either  case,  drainage  can  be  improved  through  tlie  generoiic 
use  of  paved  areas  to  fern  a  reasonably  siaooth  surface  system.  This  applies 
particularly  to  tnose  senaltlve  regions  adjacent  to  important  structures. 
Here  iim  paved  grcunls  should  extend  (unlntennipted  by  lawns,  planter  beds 
ai«  other  landscaping)  fron  tho  foundatlo,*  to  o:jrbc,  gutters,  ditches,  or 
drain  basins  -  whichever  la  most  appropriate.  Ose  span  of  these  paved  areas 
will  vary  froa  narrow  walks  to  aprons  30  feet  or  wider  depending  upon  the 
proximity  cf  streets,  buildings,  and  other  structures. 

As  In  the  case  of  roofs,  a  slope  of  1  in  ,  or  k  percent ,  may  be 
♦sken  to  be  the  lower  Unit.  Where  the  terrVn  permits,  steeper  slopes 
are  preferred,  csneclally  for  the  broader  expanaeo  of  pavement  found  In 
yards  and  parxlng  lots.  An  «xueptl<»  may  be  sidewalks.  accccssodate 
foe*  trerfii  and  still  drain  the  run-off  due  to  natural  causes,  the  cross- 
slope  of  walks  l<i  usually  1  percent  or  more.  Tor  walks  under  8  feet  vide 
and  bordered  by  curbs  cr  ditches,  elopes  of  this  ma^iituds  will  meat  tbs 
vci*1rcmsnts  sf  sc-  l«'*Cw.*w  •wination  asthods. 

Streets,  like  walks,  are  generally  gl'/sa  Just  e:.-3up*'  crown  tc  provide 
the  necessary  draiiUige  to  the  shoulders  without  ^oonvenlcnelng  traffic. 

This  cross-slope  ranges  betwe-iu  i  and  3  percent.^  In  order  t*/  transpert 
bulk  quantities  of  fallout  material  with  rirebosea  or  at' eat  rluahers  a 
slope  o?  at  Irnst  3  percent  from  centerline  to  roaiilde  Is  a'*t  deeirable. 
All  streets  should,  therefore,  be  given  the  mart, mbs  eroen  alUvahla,  par¬ 
ticularly  where  4  cr  sore  lanes  are  planned. 

As  streets  and  tbs  paved  areas  beyond  are  washed  free  of  the  particu¬ 
late  contaminant,  hundreds  of  pounds  of  this  aatarlal  will  ba  dsposltad  in 
the  gutters.  Its  effective  transport  by  the  rua-off  water  to  the  sewsr 
I'iiets  will  require  gutter  grades  that  are  ai  least  equal  to  the  pavement 
croes-slopee,  3  percent  or  greater.  If  gutter  grads c  ere  lees  tJwj  tJs 
crccfl -elopes  provided  by  the  road  crown,  wetrr  ir  addition  tc  that  lual  to 
decontaminate  streets  and  sidewalks  may  be  needed  to  flush  gutters  and 
inlets. 

Gutter  grades  are  noraall/  established  by  the  g.*ude  of  the  roadways. 
for  this  reason,  grades  of  l-ss  than  0.5  percent  «re  possible,^  where 
streets  rjr.  ever  relatlvnl;’  flat  terrain.  In  such  Instances  drainage  will 
not  ba  adequate.  Accordliig  to  tha  Ifcnnlng  furraila,  a  slope  of  over  1  por- 
cerT;  Is  raqilr-rl  for  a  ccn-.'entlonal  gutter  to  handle  100  Since  this 

J.  Rof-jrenci  i'l  In  blbllOKp-ophy . 

2.  B>e  calculation  essxiass  a  3  pereent  eroea-slore  due  to  crowning  end 
parelts  flooding  of  the  street  oat  to  3  fbot  ttnm  the  curb. 
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is  a  vyry  r.oJ.?ri ■-<•  Tio*  r.ite  tc 
Means  ousi  te  found  to  icprove 
of  i'ireel,  Cne  obvious  so.'jti„i! 
drain  (or  seaer)  ir.iel.s.  -li ♦  hiu.'i. 
ol  yx,'  fief*'  is  reco.u.7.pniea  for  ca\.i.r.  . 
be  piacei  r.o  further  thr.n  ?0C  fe'^t  apart. 
curb-oren.ng  inlets  are  recorr.er.deJ,  r''p;ar; 
raxirur  water  flow  conJitiins. 

The  probieMi!  created  ay  ntnirura-slo:  e  str.-i»-,  r  i 
in  still  another  way.  If  .^ui-Lern  are  forne  .  li^e  rarr 
ered  with  steel  rrat.r.f",  they  can  ce  sloped  irdererr;.'-' 
installing  i n terr<-J . a.e  curb  inlets  between  street  into; 
putter  sitjes  can  te  a?  steep  ar.  desired,  although  thi.' 
sultitle  outlet  is  core  expensive  than  either  ccrpo;  > 

irrroved  drainage  will  furtr.er  red'ic*  ti  e  wnter  re^uirerent  .. 
run-off  froir  recwery  Oferatior.s  »il.  trsns’-ort  n  greater  percer. r. 
gutter  aedicent  w;th''Ut  ad;.tt'"'al  flushing.  1  be  rlerrea^e  in  C”.'.;.’ 
o'"  water  in  snort  su.ply  may  core  than  i.ar.tify  the  sided  expense  o  ' 
gulte-  and  in.et  systeTS. 

IJ)  Ilxo;or.x  syste-s.  It  is  ■  ot  iiitely  t’tat  a  well-planned 
aew-r  and  slorr.  drainage  system  wi.i  be  la/ed  beyord  capacity  by  the  arc^r.t 
•■‘t  water  UJ-ei  uarir  -  deccntamina tier,  operations.  However,  .-e  Introdusti on 
of  large  ar.-unts  of  solids  in  the  form  of  contaminated  dirt  uill  probably 
cause  fi.iing  cf  caich  basins  and  a  build-up  of  ieposi'^  ir.  the  eewer  drains. 
Cr.ee  ao.ia.i  enu-rr  ire  e  .ices,  flow  velocity  lectTes  the  coiilroiiing  factcp 
in  preventing  ti.e  formutio;.  of  dejosits.  In  '"e  day-to-day  perfsrm.i:; ,e  of 
eewtrs,  good  iesigr.  dictates  a  r.ini.:ua  flow  velocity  oi  about  2.5  feet  per 
second  i.n  come. red  a.ad  2.C  feet  ,*r  second  in  separate  systc.ts.  Tha  mir.i- 
muM  gr?ie-,  trcviJins  t.hene  veiocitic:;  are  given  in  in*  fciiowing  tobies  for 
a  number  of  pi;*  sires  w.aen  line-  are  flowing  fu.i  or  at  half  depth. ^ 
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Large”  lines,  such  a*  those  used  for  Intercepting  sewerp  aM  I’cr  com¬ 
bined  severs,  arc  generally  sloped  to  give  still  greater  velocities;  i.e., 
froa  3  fe«t  per  second  for  3f-tnch  pipe  up  to  6  feet  per  secotid  for  72-ii.e!i 
pipe.  Ihese,  together  with  the  prevlo>js  aLnlaaa  velocity  values,  ore  -un¬ 
able  lower  Halts  for  moving  the  norcml  concentration  of  solids  -  wlilch  is 
usually  less  than  0.1  percent  (by  welpdit)  of  tl.e  total  flow.  It  is  possi¬ 
ble  that  the  Introduction  of  fallcut  rstterlals  could  cause  ccnce.-.tratlcns 
of  10  or  loo  tines  this  amount.  Iherefora  higher  velncltlnr  and  h-nce 
steeper  grades  are  desirable,  if  savers  axe  Co  be  kept  clear  of  sediment, 
iho  other  alternative  is  to  flush  ll.-.as  frequently  to  reduce  concentrations 
of  solids.  However,  tU»  aiay  lopleta  t  ie  of  water  needed  for  bepfe 

<J  e  cent  attina  1 1  on , 

iUsualng  that  sever  lines  cs.".  be  Veyt  ftec  cf  deposits,  tremendous 
esKSints  of  fallout  siatcrlal  will  e'venci>ally  arrive  at  the  eevage  process¬ 
ing  plant.  It  will  be  necessary  to  by-pvias  this  pol.nt  and  serd  t"'-*  radio- 
actlveJjr  contcailaatcd  flew  to  a  resioto  dluposoi  area.  Where  targets  ar-j 
eerved  by  separate  sewer  and  atom  ayat.em,  l.n  all  jrobojjillty  aevnge  esn 
be  received  and  pL'ocessed  In  the  norml  Mnner.  In  this  liistance  iitons 
drains  wotld  transport  the  bulk  of  follcAit  psrtlcles  rei«c*”‘J  dvjrlr.^:  re¬ 
covery  oixi  dlschargs  it  st  a  ebossn  disposal  site.  All  tcls  bring:  up 
the  problaa  of  vssts  dlspossl  which  Is  bayond  the  pca»*r.t  icepe  of  tee 
handbook. 


Another  special  prcblsn  Hiy  arise  ftroti  the  sceuswlatlor  of  cont«5*n- 
ant  In  eateh  basins.  Oepenllng  upon  the  vcluaa  cf  the  lo-h..  oud  the  spac- 
Ifle  activity  of  the  fallout,  the  radiation  field  could  bulhl  up  slgtilfl- 
eantly  directly  ah<--'»  a  eat.*h  haain  at  atreet  level.  3re«  cosslbllltlas 
for  haodllng  tbla  altuatlon  a.'a: 

(a)  Roplng-off  the  araa  centering  over  the  catch  basin 
out  to  aeveral  feet  as  dlctsted  by  gams  survey  readings  srd  the  prevail¬ 
ing  rsdlolcglcol  safety  reTclrcacnts.  Shis  would  Interfere  with  troflic 
until  the  rsdistlon  field  decreased  to  an  acceptav;*  level, 

(*>)  preventing  deposition  of  eor.taninated  dirt  In  catch 
basins.  SWopurary  covers  could  be  placed  across  bselus  flesh  with  drain 
lines,  or  U<y  ccrold  be  filled  with  clean  sard  prior  to  arrival  of  fallcrt . 

(c)  Placing  tescicrary  shielding  arcurd  curb  Inlets  and 
wanho'.e  covers  .until  the  radiation  Ivvtcnslty  Is  reduced  to  a  safe  Jowl. 

The  act’iSLl  renoval  of  eny  slxable  accnsnulatlon  frees  u’'X'~ote:tel  basins 
vruht  have  to  be  delayed  lu-.tll  the  redletlon  Intensity  decreases  t  iffl'"!- 
ently  by  decay  and/or  rernte  dilution  tecJinlquee.  It  Is  concaivuMo  that 
earlier  rcaovol  cculd  be  aceor^-iltshed  vlth  sadorlsed  nothols  utilising 
special  trucks  equlppel  with  scavenging  devices  and  waste  ta.'iks .  an 

operation  would  req-ilre  considereblo  shielding  of  cr»vf!. 


U1 


(>»)  ■>11.1  rju^ .  11  >  tr^'>!  t!inr‘e  of  niorif.  zo  tin?  Urn.  isport  cf 

partlrulftf  w»t--i'r  !■!  wnt-.-r  cnan-^t  i>e  uvor-tsaphniiii'i.  y  the 

relatlO"  bftv«T«?n  r^:rs  renoval  ruti?  ai'.l  flail  flc..'  rat.*  as  detenala^l  by 
slot'.'  1«  not  ■.•oil  d'pfl.icd  f'-r  rt.-uct;iral  .Jorfnoos.  ^coo  '•_xpf-,’lryaatai  ro- 
Kults  t-  r^of  waaMovn  sy3tr:o  aff  fcr'.hcprln^;,  bat  othfr  cri¬ 

tical  aurfao'is  rorojl.i  'ir.tcsteJ.  Until  mere  research  can  be  Initiated  It 
vlU  be  neoocrary  to  rely  on  tlic  standard  forenlnr  of  pjrlreu  i  irs  to  I'ia 
oi^lmum  flov  oondltlonn  In  tl*  Ikt*-  *. oat  theae  cornHtlari*  will  be  conduc¬ 
ive  to  the  tra*'  uort  fallaiit  uuterlal. 

3-'^'*.  3P:JCIy\L  DHT/ICS.-:.  ISiuo  far  radirio^J .-tl  recovery  has  teen 
dlacussed  In  termr.  of  'ounntM  operations.  If-wever,  thre  ^  lerlcaa  can  be 
Bctuetei  rwraotely  to  effect  the  removal  -jf  fallout  fro*  EcnHltlve  far  faces  : 
water  wr. u-iovm  syctei-.s,  air  bloudoun  syrtenj.,  anl  retaovabla  coverings. 
P-ieauoe  thete  sy.iteits  laLercoft  t)«  f ol Vxit  at  It  4ej«olts  cut,  their 
benerielal  effects  are  felt  ooor.er  than  there  of  tbc  later  renowry  effort. 
‘Ms  r-''S’Jlts  In  alpnlflcant  snv.n.ta  Jr.  dosa#;*  to  persons  mnnlng  fBellltlea 
80  protected.  ..'uer'iestlcrn  for  fhc  deslf'yi,  Inrtsllatlon  and  operation  of 
auch  devl.....  uro  v;r.  In  ;hlo  section. 

a.  Poo-c  swr-M-nri  In  nrlncl pie,  a  wa-hfovet  fysteit  covers 

the  roof  with  a  rv -/Ing  fiia  o^  vutfr  which  Intercept*  the  arrlvtni?  fallout 
and  transports  It  to  a  dln,-)or.Al  area.  ,Mth'.u£di  In  different  eltuattona  the 
fallout  may  var;.'  ecn-tl  IjraMy  In  pK’sl.al  aitd  cbealcal  p»''prrtic:,  the  pwr- 
tirolate  anl  Irjol'rble  fallout,  c*  oractorlstle  of  laoxl  tu-face  d«t  ..r.ai.i.'na , 
I*,  the  type  arst  dir^'fUt  to  trnnsp>')rl  by  vasiidcwri  «yjt(,—  .  Depe.,»tn« 

•d,^r.  vtipe.r.  y'-ll  tr.l  l-j-.r.-.-' tl  d.rtor.ft  '•or-  ^cunl  i«  :,  sUe  a.'M 
ntoaber  of  fallout  part l rim  could  var-/  considerably.  Tl.c  r'en  41«»et*r  of 
a  particle  may  range  from  about  30  ai  orens  (0.00;h  li  rb)  t.  >njn4red8  of 
Klcrcrs.  1*  e  total  saass  of  aani-.T per  aqumre  fcc»  may  be  as  juch  as  200 
or  3^  eyama,  arrlvlrg  over  a  jierl  >1  of  .*everal  alnute*  to  ae-reral  hourt. 

-ause  of  this  wide  ron,^®  ..irtlcle  sites  anl  mss  loedlrigs,  th* 
wasMo'wr.  •.■#ter  "UOit  be  rapeMo  ?f  t: an.'rltttng  a  cresplex  loosening  ail  pro¬ 
pelling  aetlr.  to  -’rcry  B<r.iara  fcot  of  cf.nter>!n.ited  s'lrface.  for  tnctanca, 
thrcui-y  f ’  ill  •.  t-r  -lt.-.rc  the  II.-J  ■v:.-  pcrtiolcs  h.  .....lel  tw yX 
I  away  by  the  v-a.-r*"*'.  •afflcler  st.'csa  s>atte,'.t-aB  will  supply  the  rtece.^ary 

force  to  roll  nnl  si  He  beti-^lcr  .jartlcle.*  alo.t.l  the  *'t''fe'>e.  M'''jt  of  the 
fluid  pronertics  reqilrel  !n  v.  e ‘fcctlve  wnsVijwn  system  can,  to  s  w* 
e^.-tent,  be  crest  yl,  aiir.->*  :  ntr  illcd  th:*0'i(d>  a  w~ll-lr.tCiy.sted 

dcrsv.yi. 

(l)  Bn-.lc  iTlry.  ■  '■/n.re  net  .'et  i*!,  a  ro'jf  wash!  wn  system 

s'lC'ol.  1  Vc  ■;a,''ahle  ■  f  t  t Iri;,  rr'  n^'/ern)  V'i""  'f  etre-ile  1 .  T' ryct'cc. 
ra;'  I;.'"  r  .'t-r  ih.f  vnr.Movr.  water  to  ellrelni'e  depen- 

ier.ce  on  o-jtsll'  ■.■;*cr  rap.  V  I-:..-  e;Mrr,je:icy  jVectrlrai  ixwer 

Is  ovallnble,  p-or, .  .-h..ull  ;  c  y.ro;i.:j  i  llerrl  eo'dric-d.- !,  ven . 

A  rt^-f  wt'r.'.'vwn  r.y  ■I'-r  ;ir"  .■-’  '  rvcrl'ts  of  fiur  cc?tp*..'nc,'it  o : 
water  Hi  trip  it '.  <•  n ,  storatTc  enl  co’ iC'-tlo  i,  'water  reVtrn,  an!  roof  a-orface. 
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(a)  Vtitcr  iiictrlbutlon.  Tlic  wntar  llstrlbutiuii 
«r.t  cons!str,  .  f  a  DXJip(s),  ynl/'-s  arui  prosjo.-'.-  h:udjrr.,  aar.l- 

foliJij  aivi  .lOiilen  cr  criflcec.  li.solln"  or  diascL  oncIne-<irlv»;n  iar.;*:;  nrc 
ccsaacrrrlalli’  a/ailacla  in  tii'’  '■•f  jTinoi  s  :v;r  rln'it''. 

Valvcu  and  prec^'ar.'  rcgulat.c^ru  c-r.tnl  Die  flov  ii'yatoi  .  Prn.-.^ar.’S  ci 
iO  t  o  20  pounds  per  aqnaix*  •.nah  are  requlrfrl  In  thu  norzl'.:  zvi.-ir'-i. 'r . 
il-*.-  ti  '•r— ;•  rh-»  '.'airr  to  manifold:;  on  *.iiz  rcof  niyjull  oe  standHrii 


One  dlstrU'uMon  ayrtem  that  !ia:i  proved  6uc«.a^i>iVu  ■■'■naista  of  h  vater 
delivery  r-nnifoM  sur.-<,Tde<J  0  to  12  Inrhea  above  tne  ron.'  and  parallel  to 
the  roof  rldice.  Coaccrclal  nozzles  thct  f'.irn;«)i  a  fat-al^eped  water  .'.et 
are  t;poccd  along  tliC  Banifold  at  ?  foot  Inter'zolN.  Bilt  arrantrwaer.t  will 
provide  clern'-g  eetion  aryrnxlcately  ^0  feet  down  slope  for  'scst  roof 
■urfacet»  tar  aivl  gravel  rovflng  being  tlie  mo!ti  etcepnion. 

'Ae  ronoval  car'«bility  this  alatribution  aysta  fa:,  be  lupro'.'M  by 
the  Introduction  tf  tnrbnlcnc^j  In  the  flo-ylag  water  Tl>i»  isay  I* 

aceotapllshed  ey  Intersperalrg  ooe'i voting  tprlnhlcro  aion^,  Lu«  aiftnlfoVl. 

Tlie  leipectlcn  of  Liie  rair.-lilu  Iroplvla  will  create  U.e  agitation  required 
to  rvMUsponl  the  wire  alugglah  toil  prirtlclea  for  cortir'i-l  transport  down 
alore , 

(b)  Storage  and  coileeti.on.  ihe  *tnrer>s  rcaponent  for 
the  reclrcuJjitlng  water  Lneiudes  tiV  propooei  eolieetlon  cceaponenv.  One 
or  ■ore  baffled  aettling  haalna  allow  the  >>.•••  *•  th:  ttlH'.  to  settle  vut 
<tnd<»r  the  inflte-vre  nf  (rravtty.  To  yrote»*  the  ptiwy  rrer  fine  particle; 
that  auglit  rcftwnln  eas>ended  lit  i.t.«  ixj»,  •  k«riea  of  flbarglasa  flltera 
eaxld  b«  inatalled.  They  abould  be  arrai^gel  lih-  bafflea  f  that  fallout 
portlclee  clogging  the  flltrn-  -et  atop  the  recirculation  of  water 
vdthln  tha  syatem. 


The  water  atorage  capacity  abouljl  bo  at  least  10  tlaea  the  roTuaei 
circulating  at  full  operation.  Such  a  voluae  w~jli  allow  for  detention 
tlsH,  evaporation,  and  apray  leases  curing  operat'or.  The  at.Tage  pool 
shoild  bf.  tubsurfecs  to  facllHate  gr.ivltv  retuiu  and  t;  p.-ovtdo  el'sld- 

itia  aiswlttet  tbai  ti  i.  tw,  li*  t.iwt  ^m>v1  itself 
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an  excellent  shield  against  any  radiation  froa  fallcut  aater^jU.  tt»st  has 
settled  along  the  bettoe.  ll,e  px)l  also  could  provide  eiw»rgv,ai;/  f'r» 
flghtl.'.g  or  presets  w«l«.  lu,  lug  dottsstlc  eaergencies. 

In  an  area  of  locsu.ly  arallablo  wnter  (ocean,  lake  or  river)  a  onco- 
through  wasudown  o/stea  Is  fee"lhl«.  this  deolgri  ellalnatea  the  storage 
and  coUectlr^i  coeponente,  and  lh»  waste  wider  flow;  to  storm  drains. 

The  vest"  •ils'-r  -.ni  pr^'t  'ioa  thle  ney  create  would  be  no  wore  serious  than 
that  resulting  froa  conventional  decontaal.istlon  of  rurrcundlrig  surfaces 
during  the  recevesy  phase. 


(c)  Wi*.gr  return.  Bia  wat»r  retorn  eonpcnent  should 
coi.-:;3t  of  gutters  and  leMers  capable  of  cariying  tins  water  fraa  tlie  roof 
to  the  stoiage  perl.  Ite  site  of  gutters  depends  upon  the  roof  span,  as 
Pol 1 ous ; 


P'oof  ipiin  flutter  Width  No.  of  headers 
(ra.)  (per  to  ft) 


>0  6  Is 

50  -  75  7  5 

75  -  100  S  5 


r.«ese  widths  here  been  found  aetlsfactory  by  the  Anerltan  Brlige  Co,^  la 
henlllJ.g  the  noraal  rua-off  froa  aetal  roofs  -  providing  the  re(niir'^l 
nuBber  of  downspouts  and  leaders  erw  iisel  end  the  gutter  slope  Is  apprcxl- 
sately  1  la  Id.  J^nee  aotai  ro'jit  represent  a  worst  case  {maxtaiaa  flow) 
the  trblei  gutter  widths  should  more  than  handle  the  less  svlft  nin-off 
froo  rougher  roof  surfaces.  To  Insure  the  stesdy  transport  of  the  fallout 
mtorlal  to  the  settling  tanScs  a  wear*  proalnerrt  gutter  slope  Is  raconeended, 
1  In  10  or  gieat-r. 

To  filler  enhance  tne  movement  of  water  and  fallout,  gutter  surfaces, 
Including  .lolrrtr.  •.>'0'ild  bo  csocth.  ;*stel  fw  metal-llsVil  yj'ierr  are  beet, 
ahorp  bends  sh.juld  be  avollej.  In  order  to  control  the  dlsrh.vge  Into  the 
gittere.  It  aa^  be  iwirantoe^uj  to  roll  t>ie  edges  to  tb*  rorf. 

(d)  Soof  cur  face.  IS>e  roof  ourfhee  eac.ponent  Is  an 
Important  part  of  any  wasElcwnTrStaUatlon.  The  condition  of  the  surface, 
ad  dotcrelnei  by  the  ro  >f If,’  materlnlj,  a.’.!  Its  slo^  contribute  to  removal. 
crf.cti..e.i«..s.  In  e«ul»  wajOUJ/u  cxper:mer.ts,‘  the  tracer  partlc.’.es 

uned  collected  In  the  gyaln/  te*tu,-o  of  cuaroe  msteilaJs,  tehl.id  minor 

■■-.ns,  In  Joints,  and  along  n-nr- .  Tt.rr'fs. c  th-  pr'^.nclplec  for  Bhnl- 
mtzlng  oo.ntiicdr.ablliv  through  smooth  uncluttered  surfaces  having  a  silnlrtuB 
of  exposed  edgt  •  are  enpeclcll/  appUcsble  here. 

Roof  slope  Is  essential  to  maintaining  sufTlcient  iscmcntua  In  tb<e  waah- 
down  ficw,  dteeper  slopes  gl»»  Incrcored  velocity  the  water  film  and 
hence  greater  removcl  pow-r.  Beccuse  of  variations  In  rougljneas,  roof  sur- 
feces  do  not  ell  require  the  sae  slcpe  tc  ticMeve  a  cocparable  degree  of 
de  cc  itanl  na  1 1  on . 

1.  Ilcfci'ciice  2',’  i'l  wlb  i Io,x'jp<iy 

2.  Referenc.'  In  blbllo^r.phy 
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Tabl'!  :--XVI  coatuliir-  :::a 
i'zr-^i  o:\  r.'',-.;!.'.  rop.-oi.e  i»ln" 
rouj^incci  varied;  f'l' 

a:-jd  .iCLiixaltlui:  ..). 'fi  ll*;  . 


ras'xlta  ii'  5!'iall-:.wilc!  vai-i.dcvM  tOi.i.f. ^  r-a:'- 
tyic-,  '.'I'  roci'  sji'fasc.  T-jo  cuj’i'a  ’'.* 
r.Ejoothr'.'iaa  they  w'.*:-;  :Vt.-.oe 'tt-,  r'.'il  rjefi.-./ . 
,ries  xvprcser.t  r-'r/.-.-al  efl'aetl ven.'s;.  In  txrj... 


Table  5-a  1.  L-.riaence  of  Huu»'bne!..-.  and  Slop*  >n  Rwf 
Wnandewn  iif fectlveoeac 


Fraction  Konalning 

Slope 

'•‘iif  onloe 

Roil  it'JOfiT. 

Omp.  jl-ingleo 

(2.7  erci/ft) 

{a."'*  '3r.  .t) 

(?/; 

1  -  ** 

.022 

.CCj 

3  - 

(  .010) 

(.0-) 

.?■^0 

-  -  X-' 

.OJJ 

-  2: 

♦0«.v 

'  - 

,;•  -.,7  V  ial  fr'! 
sect! on  1-  ■•' 

rilr.l.'./:  dox.-env-)  nr,  t;  :  r  l*  no 
-*  *'*•*  1  '* 

rxi:-:  ^  t  ^  i  r-:.' 

tD  v'/l4‘y  t;.:  'j.; ro  ' *  t..v 
i’-^r  '  -'i.  ‘ 


-/;a:  ir* 


•.It  ; 


\r:r 
.  p 


r.a:.-.ir.'  (xoc  ad-Qt:or.  r'*<U, 
,e"^  Ir.oreer  os  (»Vao01o".  re- 
ax'.i  the  alooe  b-*- 
,*  jrlicn‘-o<:  Ofu-ltc.-  In  l.'rutc 
'no'.  .‘.vW-al- po  •  TJ.la  tc.nlo 
to  not'ial  I'Ulitn,:  r  '.fc. 


P.  ^(ef  ironeu  iC  in  Ol-'l  I'<fa*«''hy . 


1.  n  on.olJt.'  ivu'rr.oo  onvona;-, 
■•.•tt-'i  ox'.nct  bo  oQOlnfnotrrll," 
n  ..  x'.  I 


I  - 
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iav3rted  V-type  jolato  project  above  tne  flew,  thereby  prever.tirg  full 
coYirage.  But  even  flat  aurfacer  nay  be  difficult  to  cover,  if  they  e.’-c 
Inhere-.tl.;'  non-we*  table.  For  ^rstor.ce,  •jjttrenieiy  Bi-iootn  meterlalc 

resist  the  v-ittir.s  actlcr.  of  water  flluiu.  As  was  occerved  durlr.s  experl- 
aents  on  an  alunlnun  roof  pciiel,^  washdown  water  separated  into  dictinot 
rivulets  and  left  large  areas  unnrotecte'l .  IMa  condition  was  overccao 
by  ar  extravagant  Increase  tn  flow  rate.  To  achieve  percent  water 
coverage  In  these  tests ,  tlje  flow  rate  on  the  aluialr.us  c;:ceeded  there  cn 
-on  roofing  a.nd  or.  tesperoi  SMtiorilte  '>y  faoLors  of  ?  and  11,  respectively, 
f£ir  a  rcof  alope  of  1  In  12.  Biese  figures  were  reduced  ©.nly  50  percent 
when  the  slope  was  increased  to  1  in  4.  Ibua,  to  insure  washdown  coverage 
and  at  the  sane  time  isintalze  wntcr  conius^tlon,  f..-  .-rit—'s  of  wc’.sa- 
blUty  will  control  the  choice  of  a  saootli  roofing  aaterlal. 

FroB  the  incomplete  experlaental  data  now  aval.'.ahle,  teispered  isasnnit.* 
exhibits  tbo  best  conbiration  of  cjanothnes*  vil  wattablllty.  Kr  table 

(.he  vashdovn  cor.sistently  provided  .jreater  prrtcctlon  to  the  ns^otv- 
ite  than  to  the  other  two  s’lrfaces.  In  addition,  this  aaterlal  required 
only  2/3  as  such  water.  Ihe  fact  that  nasor.lts  was  not  originally  l''tend»d 
aa  a  roofing  aaterlal  shc'ull  not  prevent  seritais  corl«lderat^^n  of  it  (ur 
SOTO?  other  aaterlal  with  sliallui-  ohiaructerlstlcs)  for  washdown  roof  sur¬ 
face  syetens. 

Ever.  thou{Ji  a  high  i-err-al  effc  rtlvcrujos  (>S  pa-ceai.)  wmw  acoieved  on 
msor.lte  at  tlw  vury  low  slope  cf  1  In  25,  waaMown  Is  not  rocoaaended  foT 
dC3  cn  lesser  slop<,'8.  If  the  swvrj  eemon  rocflnr  tatertal’i  '•'c  a-ipii.y*-!, 
table  y-AVl  indicates  that  »lcpc«  of  1  in  cr  grenter  are  needed  to  attain 
bit^  washdown  effectiveness. 

Beesuso  samoth  materlflr.,  such  as  aetalit  and  plasties,  have  proved 
consistently  easier  to  'iccontaniiictc  tJum  aost  roofing  aaterlals,  the 
possibility  of  Iwprovirig  their  vwttablllty  sh^ould  net  be  overlooV.*!,  Ttje 
Injection  of  wetting  aocnls  Into  wui.idown  water  offers  soae  pror.lse.  3uch 
ar.  ugauk  will  reduce  the  surface  1:«  the  vator  flln  ss  that  it 

sjreeJs  evenly  O'cer  the  sneother  arki  .Ti'r*  locortcrJ  rcle  e;u- faces,  nlmted 
rcj'dts  froo  tests  of  water  filer  flowing  over  a  glass  pi*.')*  indicate  that 
ti.e  sldiwlon  ;f  waall  conccntrotlo.ns  of  household  d-tergc-nt  to  the  water 
supply  fllgnlflcartly  Increases  the  transport  velocity  of  particulate  siat- 
erlal  falling  on  the  tact  plare.  It  Is  very  possible  tlmt  bette*  wetti.ng 
of  th-  pnrtl:l--  U...—.... .A,i»4iautek  to  tneir  fiuit  transport. 


Brelialnary  runs  djrlr..g  the  latest  washlr-wi.  tests  siicw  tliat  cov’cruge 
-f  aluBlnum  Is  inprovd  py  tevt’irlng  the  rurffre.  A  wavy  line  design  was 
tnyressed  on  th.c  fa  cln  t.  givj  ihcs  a  slsiulatod  v^'vl  grain.  Although 
there  la  no  data  to  «uypo?-t  this  conJ«ct’4re,  It  is  possible  that  weather¬ 
ing  of  ccrtslr.  Bjetids  wo'dll  give  eno'ugh  tooth  to  the  S’drfnoe  to  g'-'rs^te 
the  neoeoenry  defyee  of  wettability. 


1.  Reference  ¥>  In  hitllorrapir. 
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mix 


3JCS'*'  ros'JLtr  to  iate  pr^vlio  r.o  laoio  ciiu  pcrforrco  :o 

of  washdovn  on  nanrlalx;  othe.-  than  tliJ  tlxroe  clicwr,  in  table  ;;-XVI.  Ih-r^ 
results  a-c  llsilted,  in  turn,  to  tho  I'CEpcoti’.t  s'!rv  rate;,  terten. 


(2)  Slgiiflcrvnoe  of  vaslxlowri.  Th"  ro-jf  rfaslidour;  o.Tioex't  Is 
uniquo  In  that  it  efrero  an  aut-mmclc  rvans  for  decrcanins  the  rnalatlon 
Intensity  vithin  cuillin^.  Utiid  Is  possible  since  the  uasMorfii,  ’.inlike 
other  recovery  rothods,  operates  rcnotuly  and  at  pea’c  efficiency  dirir^ 
the  actual  fnlloit  event.  /JtrouR)!  !to  purpose  Is  to  ach’evc  optliTor.  rr- 
tioval  effectiveness,  a  deelsUa  tx)  install  a  veshd-.'wn  systeri  should  b-j 
hasM  en  Us  role  in  the  over-ail  rrotoclion  offered  builiin^;  occupants  - 
ixi  tcraa  of  reduced  dosoitc.  Ttis  docs  not  Eean  that  lecontarrlnatlon  ef- 
frctlveneec  is  no  Icv.^r  influencing.  As  vlll  bo  shown  buiow,  "root,  fi  a'.- 
tlon"  as  veil  as  resc'.'al  effect It'cncss  determine  the  dose  (cr  doee  rata) 
roduction. 

(a)  Dcse  redact Icn  factor.  To  estimate  dose  roduetlon 
factors  when  saiclne  design  dcclsl  jus.  It  is  nocossart’  Vt  calculate  the 
bulldlxic  interior  radiation  intensity  both  witii  and  without  protecti'^n  of 
a  washdown  systea.  The  radiation  intensity  I  within  a  ffccture  is,  f^’r 
all  practical  purposes,  the  surcatlon  t'f  two  separate  intensities,  Ip  and 
contributed  by  roof  nnl  gr.-.und  cent ar.Irnt Ion,  resp*'-*,*.  IPie  wall 

contrlb’jtion,  it  will  be  rex-uLib-sroi,  le  asciuced  to  be  bo  •’■ail  oy  c'JHpo’’!- 
»on  aa  to  be  negllglblr. .  Thus  tna  buMding  Ir.tenalty  wlthotit  washdovn  lb 


and  with  vik>tijdown  Is 


(5“*^3) 


(5-04) 


where  T  Is  the  vaihlcvr.  effect l'."sr.er4  cr  frcctlts  of  fallout  resalnlng  on 
the  roof.  The  dose  reduction  factor  is  ecuaJ  to  the  ratis  of  1*/I.  Divid¬ 
ing  equation  5-^  through  by  I  and  substltutlnc  I  -  l_lbr  gives 

h 

IVI  -  1  -  jii  (1-r)  (5-051 

Tha  ratio  l^,'l  in  equatl.>n  5-05,  called  the  roof  fraction.  Is  as  la- 
portett  to  Icsc  reduction  as  is  wes.ndov,  effoctlvi.xaBS,  7.  Rxls  becomes 
svldert  when  removal  by  the  wachlown  is  assuacd  to  be  100  percent.,  l.e., 

F  •  0.  Tho  remaining  right-hana  te:ia,  I  -  T.p/1,  of  equation  5-05  bbun 

A  illird  Interxsity,  is  also  contributed  -y  the  radiatlcn  from  fall- 
<Ait  particles  ssill  s  xapetvied  In  the  sorreunul.tg  air.  In  a  strict 
•*rse  then,  the  roof  ani  ground  deposits  conp;  iio  the  total  nortrlbu- 
tl^T  only  upon  fallx-ut  cec>sati./i«.  >.b  t.......  .  ..'xltln,.  tt  ui 

the  air  contribution  is  estlnatcd  to  count Itute  t.;t  a  snail  froctlu.u 
of  the  total,  lo.nx;-t“rr:  doj.e .  f.  r  this  rc'icon,  t‘.»  Intennlt’'*”  Ir,  a-cl 

I-  are  ■•oi.3..1ercl  ccntrx.liinx:. 

O 
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'ho  ultimate  in  dcee  reduction  by  voohdovn.  This  means  that 
fnc  I’ocf  fi'i'.ction  should  he  Iacq*,  if  vas}jJuwn  Is  to  be  vorthwhilc. 


Dic  variation  of  roof  fraction,  for  cna-storj'  bulldinss,  acroi  dlns 
to  eewral  construction  variables  Is  shown  in  isble  IJ-X'VTlS  to  more  nearly 


anpronrh  unity  cs  roof  oren  Increases,  roof  height  decreases,  and  the  ratio 
of  roo"  to  wnil  mass  thicinesc  decretsea.  3iildinc  destens  exhibiting 


tonefiv  nest  from  tue  added  ^'otuetiua  if 


o  '.•aslsioici  nystem. 


By  ’using  table  J-'fflT  a  rough  approxljsation  of  tlic  roof  fraction  can 
bo  nale  for  a  gi  ven  set  of  construction  •.’nrlahlcs.  Aji  eBtlmate  of  wash- 
dovn  •frcctl’.'cncs::  can  be  rale  fron  tabic  t)-XVI.  Ihen  equation  5-0?  can 
bo  solved  for  Luo  dose  reduction  factor.  E.is  indication  of  the  protec'.ion 
jalioi  tiu-.’jjh  va.'iviown  will  g'llde  t)*  dcoliyier's  next  course  of  actlor.. 
.fj.erc  the  reduction  factor  is  of  fne  order  of  0.l3  or  less,  the  washdown 
cysttn  nny  tc  fo'UJid  acceptable.  Final  Judgement  will  Icpeml  upw.-.  sotuC 
•tuowleUT:  of  tJic  pon.lsslbls  dosage  Units  and  the  anticipated  radiation 
.'■uJdr. 


’../''re  th.’  reduction  feeler  is  too  Itu-gc,  i.-vlicetlng  Inc’tfficlent  pre- 
tcctlcn,  rosio*.*al  effcctlvencn  ne,'  be  i.ncreased  t*'“''’igh  Inprovlng  the 
wash'levn  ry"t-cn*r.  c>‘!;or.er.tc;  e.g.,  o  steeper  rovf  pitch,  a  w  r’j  table 
roof  surface,  oM  Increased  water  flow  rate.  If  tiiace  ore  ..Jt  enou^, 
warMovn  alone  will  not  furnlch  the  required  protectlsr.  auu  Tust  be  aug» 
nenttd  or  replaced  by  l  icreaaed  r»>i»ldlnc, 

Eitle  5-X1l!nr  contains  a  airfcer  of  aolutlona  to  aquation  5*05  over  a 
wide  assertnar.t  of  effeetiveneas/roof -fraction  ccnbinatlorj*,  Aa  axpeeted, 
the  eieriificantly  sooU  red’cctlon  factors  ore  usociatad  with  tha 
roof  fractiona  and  the  lower  t  values.  Where  t>'e  doao  U  to  be  reduced 
to  less  than  0.1  of  its  furaer  aanunt,  tbo  antrias  in  the  lower  right-hand 
quodrxnt  of  the  table  indicate  that  roof  frartlcnj  oust  ba  0.95  or  Bare, 
and  rasovol  effsctlveneso  mst  result  in  F  valuer  no  srsote-  than  0.05. 


(b)  VecMcwn  acd/or  BliieJdinc.  The  dlscuaalon  thus 
far  does  not  Bean  to  discount  tKe  value  of  Increiiaed  shieldljig.  llo  doubt 
thers  will  be  casco  where  vaohiovn,  for  various  reasons,  wlU.  be  iapracti- 
cal.  Fcr  lnstar«:o,  washdown,  Ic  lialted  to  the  r*  ’rctton  of  potentloJ. 


Roof  fraction  coiculatl.ona  are  eased  on  tiitensltles  at  tha  bulldiiig 
centc.-  only.  Ac  e;qpi8lned  in  section  >-L>l,b,  corner  l.ntenolties  are 
ctrc.n.gly  affe-.-tci  by  tTnunl  cortr  tout  ions  and  are  relatively  tn-cnsl- 


2.  K.*f'»rc,-.ce  jl  Ir.  hr.>llr>j:Bplv. 

Chif  is  an  arbitrary  \-alno  iA;leh  in  nost  cases  will  corre.vpond  to  the 
ninirun  gain  l.n  protection  required. 
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Table  5 -XVIII.  Eoductlcn  of  Dose  (or  Interior  Radiation)  a*  a 
Function  of  Roof  Wasodown  EffectlvsneBc  for  Various 
Roof  Fractions. 


Weshdowi  Dose  (Rate)  Reduction  yactors,  I*/l 

BffectiTeness,  T  Roof  fraction,  lo/I 

(Fraction  — — ■  -  ■■'  "■  '  ■  .  — ■■■ . -  i...  — ■■■ 

BcMdnlng)  .20  .kO  .6o  .30  .$0  .95  .98  1.00 


.80 

.96 

.92 

.33 

.84 

.82 

.61 

.81 

.80 

.60 

•92 

.8k 

.76 

.68 

.64 

.62 

.61 

.60 

.iiO 

.68 

.78 

.7k 

.52 

.46 

.43 

.41 

.40 

.so 

.3k 

.68 

.52 

.36 

.28 

.24 

.22 

.20 

.10 

.62 

.6k 

.k6 

.28 

.19 

.If: 

.12 

.10 

.05 

.81 

.u2 

.e3 

.24 

.14 

.10 

.07 

.6? 

.02 

.80 

.-♦I 

.22 

.12 

.07 

.CW» 

.02 

.01 

Uk) 

,60 

.VI 

.21 

.11 

j.0« 

.03 

.01 

roof  intensities,  vtille  shleldl''^  can  be  used  to  jrutect  a^^nst  both  roof 
and  ground  ccctrlbutloca .  Sons  situatioDs  vUl  be  solved  best  by  a  oon- 
blnstlon  of  added  abieidlng  plua  a  vasMovn  installation.  Uben  this  ap¬ 
pears  to  be  tba  ease,  a  aa»«  general  expression  then  equation  5-05  mist 
be  used  as  a  basis  for  decision. 

Qk  dose  reduction  factor  di:c  to  Masbdovn  plus  shleldlj^  la 

1*/!  •  1  -  ^  (i  -  sa)  (5*0^) 

vltb  3  balng  the  apparent  effectl'->t>eta  of  Increased  roof  sbleldlng.  Since 
the  value  of  1q  assuatss  eoaa  i?il*^lel  roof  sbleldlng,  S  is  In  actualit/  the 
ratio  of  final  to  initial  shielding  affects. 

3  -  3^/3^  (5-OY) 


S^  ard  S,_,  are  shielding  factors  aM  Indicate  t!«  r-ispectlve  aiileldlng  cf- 
fuctivenebs  before  and  alter  Increasing  tlic  roof  thickasss.  Tlisli  values 
r?2^'  r4«»  ''Tf  7  ^^*T‘  t^T  ssa^s  tiT'^ 

substituted  directly  into  ctiuntlor.  ^-c6. 

C5jc  Sr'Pstii'B-'isc  of  r  e-ri  3  au  a  jE-oduct  In  Ciiuaiilon  5-OC  plACcs  greater 
lEiportanco  upon  the  roof  fraction  (Ir/I)  tlian  If  either  F  or  S  appeared 
slngl;/.  Fur  exnrplc,  if  F  and  3  ere  eacli  ar.8l£7ied  a  nodest  (easily  attain¬ 
able)  value  of  0.1,  tl.elr  product  will  «4'ia1  O.Sl.  DiC  tcra  In  pareathesea 
(1  -  F3)  bev^orcr.  reurl;'  unity,  while  the  dose  reduction  factor  approaeV'es 
its  optirup  value  of  1  -  Jpjj.  Th  ir.  the  roof  fraction  Ic  more  apt  to  be- 
corw  c  .rdrolilng  when  both  waohdovu  and  ohlalding  are  ‘ased  than  when  wash- 
dovn  Is  ecployed  alone. 

IT  It  Is  deciiel  that  r.hl elding  oicna  Is  best,  expiation  5-o5  can  etlU 
be  used  by  setting  F  equal  to  unity.  Whore  a  washdown  cystea  is  considered 
best  the  v^dun  3  is  Bede  unity.  I^is  of  course  gives  the  original  expres¬ 
sion  for  tho  dose  reduction  factor,  eq'iatlcn  5"05- 

(c)  Comporetlve  costs.  Because  btil’dlnga  ajuiibltlng 
s  sttcdl  ratio  cf  reef  tv.  wr.cl  aaan  thickness  terd  to  have  large  roof  frac- 
lioiia,  ■Mshd.nvn  rd'.ca'l.i  be  well  8ult<id  to  ♦b*  alxe-l  ecnstructlcr.  liacu..3cd 
earliar  In  section  ^-01, e.  A  typical  axanple  of  sucu  con»*Tuctlon  Is  a 
tllt-up  concrttc-slab  building  having  walls  6  inches  thick  tund  a  roof 
equivalent  to  1  loch  of  concr-t«.  For  ccncrete  these  dinr-ulons  represent 
aess  tnic.'T.esse?  <'*  ij  e-TJ  i-'^unds  per  square  root,  respectively. 

AseuBl.ng  a  roof  area  of  10,000  square  feet  and  a  roof  helaiit  of  SO  f»et, 
the  roof  fraction  is  O.90  -  by  Interpolation  froK  table  5-<CVII.  A  wash¬ 
down  effectiveness  of  0.0?  is  noc.  'unreasonable  for  a  aovle^ ‘'Uelor  sloped, 
aaKXjth,  wet  tabic  roof  system  and  a  wasMown  flo^  rate  of  2  to  3  grtaa  per 
minute  per  square  foot.  Entering  table  5-XViIT  with  these  valuas,  or  us- 
l.ng  eqiuatlon  5-05#  the  redvictlon  factor  becomes  O.lli.  To  obtedn  tha  suae 
protection  throu^dj  Increased  roof  shielding  alone  wcild  requlra  an  addi¬ 
tional  6-1/2  Ircbes  of  concrete. 


Representevi-a  .*..11  v^roto 
expenaes,  are: 

Roof  Area  (ft^) 

Cost  Unlts/ft^ 


if  wasiJL-w..  ,  bo.-.llei  ether  cocstructloa 


1,00c  U,000  10,C00  40,v- 


1.7  1.0 


.75  .05 


li  uretuiinij  ^ha  aiilelxlng  aiidi  o  uncinta  of  cotK.*«;.«  would  rrH^ulxu  v.  wi' 

5  cost  units  per  square  fcot  regardless  of  the  area  Involved.  C.cjpared  to 
this  alternative,  the  price  of  equivalent  provjctloo  through  wasMown 
becooss  more  and  more  attractive  with  sxpa.ndir.g  roef  area.  In  the  above 
example  of  the  lO.CoO  square  feet  tllt-un  slab  structure,  adding  6  Luches 
of  concrete  a-ul  ^uu:talllr.g  a  rnrhdov'n  system  would  provide  a  dose  reduction 


factor  of  about  0.10.  Equation  ^~C6  lallrrates  this  to  be  the  lai-.jest  re¬ 
duction  iiOBalble  (for  a  iwr  ftraculon  of  C.90)  trltho-at  Incrensini;  wall 
C&JSS  'till chnt: tit: . 


k*  fijlSl,  Blcwlown  Systea.  Weld  tes' have  l3n»rjiti  att  i  tlxt 
air  Jstr.  are  ''eVy  offoctiva  m  ■ceao^in^  eliJlatij-l  ftdlout  fron  j>a\ed  sur¬ 
faces.  AXt}:eu^  no  to'.t*  have  extended  this  tech.ni(jue  to  roof  suifacea  it 
appears  tmt  an  autciaa'-iuHh/  operatJd,  xocf  clowdsvn  cy^tea  .'sing  ilr  Is 
ftaslhle.  'rflth  the  projcr  a’i tent  ion  to  aerod;,T4uslc  orientation  (aee  sec¬ 
tion  5^2, a),  sunh  a  rjitsa  could  keep  a  roof  reiatlwl^'  fres  of  contani- 
catlon  durl^.e  tii«  fallo..t  event  ra-'h  as  vculd  the  washdown  cystea. 

nm  blowlown  aevhoi  offers  slprificant  advantegas  over  a  washdown. 
Since  tv*  decorturic.tlne  aedl'jui  Ic  ever-present,  an  air  systea  la  not 
ecn?llcated  by  tJte  probhKs  and  erpanac  of  storage,  i aclrculatlon  or  fil- 
t:  •tlou.  Aarinlng  ale^'rte  air  preu.  art,  flat  roofs  ccall  be  protected 
Just  as  well  as  tbusc  ti'  pr.slt.V/e  slope. 

The  fact  tlat  e  >'lo^ovn  !:;.’’st3n  does  net  collect  t)ie  fallout  i>articlcc 
may  be  objectlcuable  tut  no  core  so  than  a  cr.ee-througV  -.toahdo'on  systen. 

In  both  cases  the  partltleo  collect  at  ground  level.  If  there  is  any  wl.nd, 
the  particles  resasper>le<i  daring  blowdown  nay  actually  he  cjirrled  erd  ic 
posited  a  safe  dlotanee  away.  Of  cc’jrse  sorv*  neltliborir-  -t’-uctura  nny  be 
contaalr-ited .  Hope  fully,  it  will  be  so  protected  as  to  w-'thotend  this 
erent-aallty. 

Ihs  Bost  obvlouo  drawbacli  to  a  blowdown  systea  is  its  Ineffecti'^'eness 
during  vet  weather.  Ter  this  reason,  its  appl'  atluU  la  vC  greatest  '.ralue 
la  predcainantly  dry  regions,  where  water  is  jeneral'y  I”  ^hort  supply. 

A  blowdowr.  systea  pretexts  a  nuaher  of  engineering  problixus  not  en- 
ccuntcred  with  vosndown.  Althou^  both  systeni  require  hcadorc,  aanlfoli.c 
arid  nctsles,  effectlv*  recioval  by  blovdovn  can  be  acccspllshed  orJLy  If  the 
air  Jets  con  aove  across  the  roof.  This  Is  due  to  the  fact  that  the  air 
transport  of  pcr*l'xlea  stops  Just  inches  ftroa  ths  sir  nozale.  yab.rl eating 
and  Instalilrjc  a  traveling  air  meriroiS  aboull  cost  no  laore  than  "ould 
wasodovn  water  storugw,  eoUecticn,  and  return  systems. 

Vlaxible  bosas  Instead  of  pipes  hn'.'c  to  iitrply  lo  tb'-'  sovlr4' 

■sr  lfold.  A  compressor  ban  to  fUi-nlsn  pressures  la  excess  cf  100  pcunls 
per  aruare  Inch.  Ita  capacity  vlll  depend  'upen  the  dlaenslor.s  ♦■be 
rod  and  the  nux^er  of  air  aozzlmt  used  and  the  removal  rate  desired.  If 
the  SBUilfold  is  pu'«uniatleally  powered,  co^ressor  perforao-nce  tsist  be 
IncreMsd.  The  ccopcessor  air  h-'et  -ib.o!:’!  bo  prof'ctcd  by  a  '■frtde 
baffle  to  prevent  the  entr’.r  of  fallout  particles  Into  the  systea.  As  in 
the  ease  uf  vaehrtovn  an  auxiliiary  pc'oer  scarce  Bust  be  in'*l’jded  for  the 
eoi^esBor.  To  obtain  satisfactory  deslgi  specifications  and  rorxjval 
effect  1  vena f a  Irforaatlon,  conslderiibl*  testing  will  have  to  be  undertshan . 

IT.  hafaroDCo  52  in  b  lb  llography . 
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c.  Dlgpcsable  Co\-rrln,-’i» .  Probably  one  of  the  elspleat  ways  of 
Intercepting  fallout  io  to  cover  the  eurfaces  before  lt»  errivel.  'Jpon 
ceseatlon  of  fallvut  the  covers  are  rea»vej,  leaving  a  clean  s-n-faoe  be¬ 
hind.  Sueli  a  tcclinlque  is  especially  alnpt!l)le  to  asaUL  objects,  tut 
large  surfaces  also  can  be  ps'ctected  this  way*  Tarpaullas  have  been  used 
for  jears  to  protect  eihlctlo  ground*  fyoa  rain  or  snow.  In  sob»  losta’iceB 
the  rolling  sni  u-iroiling  cl  these  canvas  covers  have  been  achieve!  by 

fc'chanlcal  w»»an* , 

Thus  where  grounl  areas  are  reaaonatlj'  flat  thj  covering  and  final 
roll-up  coulxl  be  achieved  restotely.  A  powered  spool  with  contealnated 
cover  couli  store  Itself  in  a  trench  serving  aa  u  shielded  tsposibory. 

Sense  Bodlfleatlors  of  this  design  possibly  will  worl.  on  certain  roofs. 
However,  renovablc  covers,  even  though  actuated  nschanlcal ly,  are  no  sub- 
stitutn  for  a  roof  washdown  cr  tluvluwik  sjr«t«si.  r>!r.u«  tij*  '  atat 

rtaniiiu  l.i  placc  until  fallesit  cesaes  to  effect  a  coteplete  d  ralnation, 

it  cannot  lessen  the  doesge  accruad  by  building  occupants  dor _ g  this 

period.  Once  the  fallout  cant  is  complete,  roll-up  of  pa*otactlv4  covers 
offers  an  eiTcutive  aesna  for  iagsedlately  re-iuclng  the  dose  acc'jaca  Latiog 
Ind'.ors . 

Figure  5-1B  desor.strates  two  possible  schcsca  for  Installing  rnaovable 
covers  lor  ouiidings.  On  stcpl/wj  i><ft  gravity  wiix  i.  11  out  the  cover 
upon  release  of  the  spool.  Freeing  the  fixed  uppe*-  edge  at  tl»  ridge  aftc' 
fallout  ceases  will  allow  tM  cover  to  roll  down  the  slope  arid  plwoet  to 
the  z&rryij^s  the  ccntsalr.a..t  within  it.  S^i  •-  -■ra  a  powered 

spool  Is  required.  It  will  have  to  be  lowered  to  the  ground  on  lines  in 
the  roll-up  phas»  of  the  operation.  Once  on  the  is^xmrt,  rent aalna ted  rolls 
will  have  to  be  shielded  in  traooh'a  or  behind  revetments  to  protect  occu¬ 
pants  of  thln-v»llcd  buildings.  In  any  case,  the  cover  systeit  will  hare 
to  be  comprised  ''f  a  r.'.toDer  of  lndrj;eftlert  xlaur  covers  capcbln  sf  rolling 
'.'etween  vents,  chlimeyo ,  sky  lights,  etc. 

'y-C'y.  VSOTIUOTOS  OF  SJClTSSt  SFiCbS.  ISie  iTscsnes  of  fallout  on 
siJ  aro'orJ  buildings  raises  the  possiotllty  of  er.Ua'.ce  and  cuutaai nation 
of  l:,trr:or  spaces.  Fort'inately,  this  ca".  be  averted  throu^i  ccwplete, 
thou{di  niTt  alrt1(^.t,  closure.  That  is,  all  windows  a.nd  outer  doors  will 
^event  the  entry  of  siffjlfieant  esrunte  of  fallwit. 

Pecaiise  it  Bay  be  difficult  to  accurately  detect  the  arrival  and  ces¬ 
sation  of  fallout,  ccoplete  closure  tnruld  be  instituted  at  tbu  flrot  sign 
O',  warntng  ..f  e  tt'.acK  scl  salutatned  well  beyond  the  estissated 

tier)  of  falloijt  ccesstlor.  Tbua,  for  non-alr-co!»lltloned  structures,  the 
j  apply  of  fresh  air  via  r.craal  routes  will  be  denied  to  shelter  occupants 
I’or  a  cUiy  or  Bc>re.  Hovr'/cr.  air  leaks  tlxo'!,*  Boat  vclle  end 

erackfl  aro-ind  doors  and  wlr,dcvt  to  supply  adequate  ventllatlo.*  even  when 
the/  ore  clo3»'i. 
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SLOPED  ROOF 


rif?irc  5*13.  Jchenatlc  OIa»?r«a  of  A».:to«Mtlcft5.’r  ®.e'vivabl« 
Cover*  tar  ButUliv,n* 


'^v^<•r  crovlM  eltuatlons  or  where  pertoim-fl  are  working,  the  envlrcn- 
■ent  rwiy  evetrt  jally  borrvno  urrrm'ortttl  le,  If  not  off«n»lv«.  '!''*»  condition 
can  be  tolerc'-J  f'V  ;^rotrai'ted  period#  depending  upon  th«  exiitlng  air 
vil'juae  and  the  noaLir  of  people  Involved.  Tlvt  C9<'«bllltl*s  of  percona  ao 
confined  are  cerloonly  affected  as  the  oxygen  con'.cot  of  the  air  di'iinlshea 
to  about  ll*  po-c -nt  or  the  CCz  content  exceeds  3  percent,  lable  ^-XIX  !r- 
dlcete#  the  «tlnfj»HL  aaount  of  oaXo-up  air  ro'iulred  for  sedentary  wrirhcrs 
for  three  envlronaental  condltltns  .i-  Where  It  la  believed  that  the  iocui-cd 
condition  will  beoocs:  ur.S)caratl«,  &»•  w^eir-  Bu.a»lon  pareormel  amt  Badntaln 
a  gl'.'en  level  of  perforMLnee,  the  ►rlstlng  a.tr  aay  have  to  be  replenlehed 
by  a  forced  vetailatlon  aystea. 


Deliberately  inillina  cutstde  air  Into  p  building  durlnir  a  fallout 
avent  would  at  flrrt  appear  to  create  an  Intiirlor  contaalnatlon  problca. 
Fortunately,  the  filters  used  In  sodern  air  cc3lit!''nlnG  #/at«a*  Si-o  usu¬ 
ally  capable  of  Int-rceptJxg  particles  ranging  down  to  tlio  aub-«lcron  #1160. 


1.  Rf'rr.>i.ce  3J  i**  blblli){^ojJiy . 
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(Or-v  ^  ,iu. 


Aij'  hequlr<.o»-.ii;,ii  ior  .«dentnri'  /duits  a's  a 

r  Uiiii  h'r  Vuloir-  eril  Ventilation  Conditions.* 


Tao;.  ,'  ■  ■ '  r. 

t  uiiC  t  i  ~  n 


Air  Guptli/Perr.on 


Heating  aeasj-'.;  vitt.  or  v^trr-rit  :ir:u: at*o:-;  air  not  corjiitir"*^: 


100  25 

,700  If. 

;'y>,  12 

•;oo  ? 


Hoa.iitfc  <ni  air  hauidll.e-i,  vater  atwrdiatlon  rate  3  to  10  gph;  tott  t 
air  cirira:atol,  31  ct'-  per  pperso:4; 


Air  Civajc/Feroon 

(-1) 


2Xi  4 

5,—  ,..;  ai.  .  .I'^s  •  i.,  i.'.j.id  i  t-’-nl  air  cii’'’'!  ■  jC  clfe 

per  person: 

200  4 

*K,rc  toLit/ietu  »uverace  ^r  requireswnta  a'c  contained  l/s  Corps  oi 

ri.^!  iieerr  •  ^  "r  tert. '  W i^gn'nct  rtUJ  '.'r/ii"*",  FM  1110“ 

jiij.l,/'.'  . 

T.kj  paitl^’.o  r.lij  ra-n^T!  ■  rtsliered  te  radtol-t^ii.  lly  algnifl- 

-•aiit  Is  In  cxf.ene  o:‘  50  nler^ns.  il.crefor »,  tvst  existing  dlstrilutloa 
e/at<n£  cnalt  be  usel  la  Cv’oparatl'.n;  cai'ety  •  withcit  dear  o*  .erla’s  in¬ 
terior  c /•'tas.ir.at.' ,  ru 

AobC  lati*  pTwleoti  j.n  aa/  te  ajhljvjl  t,-  vJ}d.r.yi%  particulate  flltero 
aueb  an  th>50  uatrl  by  tie  U.  0.  Ch^-ivO.’,  Corps,  ir' .«  5-XX  tta  sers 

l,w  rt»nt.  ;t.a.  err  er ; :  t  ••:  f  fi«ir  S  JCb  rutera  togt^ther  vith  their  anpr/^xI“ 
aate  cost.^  ...tnort?  t...  J'llter  .•artr  1  Je;-t  is  ccDi;«.‘>s*l  of  water-repellent 
pa^er,  it  cai.  te  daEi.,.vl  ly  t'.--  rollertlor'  of  Btotsfure.  Wie 

air  *nlet  4,/it  n  choil,’,  theref  /re,  be  arraiifted  to  reduce  ttda  poi.i»iblllty . 

Ce.'tal..  :tui  ir  p.-';etrate.i  e.'i!  lararel  !:;'  tbe  Icspactlor.  of 

’arifr  jari;..,-..  •  .•.t'V  ’•>'  a>,rai!i.-.:  i'aLli-ut  paj'tl'Jos  In  q\iR’!tlty 

;ojJ  J  liiter-  eix-  .  i  ti.  '....•  .rrr,  ;e  i  I'  tin',  oq  il ,rcnt .  Tor  tiio  oak’:  of 

^rot'-  ctln,’  the  ti.  r  ' :  t  i '•:i’ :i ;  r.y  .bet.  It  Is  mlvisable  to  retaova  part  tele: 
larger  tha,  O-O  a.  cr  .no  ut  ti.^  air  intakes.  Hds  can  be  n''?.iiap1  .sbel  by 
6!icr,  devi  ;es  tu  .--t.a)  ;  ••;«i"nt..-' ,  bnlfie  oi-vffil'ero  ejvi  cyclonea. 

1.  he''.-'  oi.ee  , :  1..  l i- .V  • 
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Table  j-XX.  'ulate  Fiite*3  for  Rndlolo{;l:al  Prctcbtlon 


of 

Ventils 

t.on  Systran. 

Chem . 

Dlxkansions  (In 

.) 

Weifd^t 

Aporox. 

Capacity 

Cost 

Corps . 

Ho. 

■Soli 

Deptli 

(li) 

Reslsc. 

(tn.  H.^0) 

(era) 

C$) 

Cl8 

2k 

24 

13 

1.00 

6oo 

125 

C19 

2k 

?4 

il 

40 

1.75 

1200 

150 

c?c 

2k 

b^-l/? 

11 

«>4 

1.75 

2^00 

200 

CTO 

W 

48 

U 

ixW 

1.75 

pooo 

340 

Ctr- 

:11  V-  t..'. 

li^'ir.w  spaces  ft-oa  rooty;  hous 

ing  air 

ecT-<llt'on*n^  •}  Vv!ir»>Jnt,  for  two  reoaorif .  Ftr5t,  toxic  ■<»»  froa  auxili¬ 
ary  engines  cannot  tolerated  within  the  shelter  area.  Second,  the 
ancEulstlon  of  fs.lout  In  filters  nay  create  a  reJillvely  strong  radia¬ 
tion  field  vltl  ln  an  equlpocnt  rocas.  Far  these  rennor,i,  'ie*“  speees  au-.t 
be  both  seeled  and  shleMetl. 

Froa  ♦.*■?  fi!ret;c>lns  It  would  oeoa  prciarabla  to  housv  ventilation  aqulp- 
Baent  anl  aa'-hlnery  in  a  srall  annex  to  the  aaln  atructiira.  However,  Ite- 
latlon  of  spacer,  vltl.li,  a  building  can  be  accoispllil»l  ks  iong  aa  they  are 
located  al-n.i  an  outside  wall.  Heseaents  offer  excellent  possibilities 
where  they  «re  not  cere  Isyrrtant  to  basic  sljelter  requireaentc . 

It  sb-’Ull  be  unlerstood  ttist,  in  a  xailcut  slt'wtlor,  ventilation  of 
buiUlnrs  -ili  rcqj  T'rJ  jr-iy  'snl-r  n-rt-ln  conditions .  Oaneraliy,  sur¬ 
vival  will  net  icj-ord  or  the  necbanleol  dlstril-t '  on  of  air.  Where  It  is 
planne-.l  0  ■  l.-sta.,.!  air  .t.onir^r  to  neet  dally  req'ilieaenta,  odvantage 
noo'  he  taken  durl.ir  ar,  eaergency  wf  whatever  coafort*  the  lystes  tw  to 
0  f  f  c  r « 

Altho-j/^.  beyond  the  scope  of  thi.  hsJidboolt,  n  word  nf  wsrnliii;  ahrsild 
be  riven  cinccrnln.  tho  entr  f  t. -,i  g'ses  creatwl  by  amt>»  fires,  herjf. 
scale  fir's  ( cover i-,p  Bx.y  a.ivj  na:'  be  expwetei^  to  produce  •xtrcToe  :c'i- 
■'cr.tn.ticn:  cf  carton  aonoxldo  (CO).  Table  S-XXT^ihows  the  effecus  on 
yen;-  heultl.y  inii  .  iicols  after  .ir'*er.h<nft  air  vOrt3l"''nr  CO.  '  llcr  p.'r- 
sonr.  Icciij,.©  ...'  the..r  Inactl ■.'1'',/  urs  affcctc-i  loss  fulckly. 


7i.e  d^.ng-i  S  of  nxy,-pjn  deficiency  a.nd  excucslvc  csr.ce-'tretlor  nf  i';"*, 
have  alrea-iy  been  ■vcr.tloned.  These  hjcords  will  be  increased  hy  aiu-is 


Ta'jle  XXI.  Effects  of  Ctrl  on  Montxide  o»  Your.g  Hialthy  TnAlvldaalo. 


CC  Content  of 

Ii  fun  led  Air 

w 

Effects 

0.0? 

Passible  alii  frontal  headache  after  2  to  3  hourt. 

«>.ou 

Front ol  bt-ndache  and  nausea  after  1  to  2  hours.  Occi¬ 
pital  (rear  of  Head)  beodacL®  after  2-l/’2  to  3-1/2 
hours. 

0.08 

Headache,  disiln-ss  and  nausce  In  3/4  hour.  CoUapac 
an>l  poasible  oitc  naclouniiess  in  2  hours. 

0.l6 

Hei-'*«ehs,  dlzsincss  tnl  nausea  la  20  alnutaa.  Collaps-^, 
unconselouanees  end  possible  death  in  2  hours. 

0.32 

Headache  and  dlxziiMts  In  5  to  10  adnutes,  unconscious- 
nesa  end  danger  of  death  in  30  Blmrte*. 

0.64 

Headach  and  dizziness  in  1  tc  ?  Binutes,  uncon8Ciousr»ei:8 
and  danger  of  death  In  10  to  If.  alnuter. 

1.20 

ZMeadlate  affect.  Unconsclousoass  and  danger  of  death 

In  I  to  3  Blnutes. 

Hov«v»r  they  cecoo#  taqportant  only  after  Uw  danger  of  CO  haa 
allalrjited . 


WnaUy  Xoi  high  twaperatura  of  Intake  air  Bay  eraet*  an  unhearable 
anrlroiMrtt.  Indoor  tarp-jrat-jraa  of  lOO'^  prohably  cannot  ba  tolerated  for 
Bore  than  a  day  vlthout  haraful  effects  to  iDeiierel  pereons. 


r'  f-  \ 


f  ixrrinN  VT .  iU’rLicAii^/rj  or  raoisciT/i’  PsaciPU^-J 
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rjany  o:'  tm*  iii'<j';ectlvc:  J  ..ia  ovu!.*f'it.K  uat^^ested  Ik  Section  V  to  V>  Ir.- 
ci-iiJe^  In  the  design  of  j-lanred  constniction  can  be  instituted  la  exlstlni?, 
'mllilliiga  out  at  inc-*eace')  coow.  fev 

^eater  shelter  effe  rtlvcncca  vLla.  be  aioro  cxjer.cl't  than  those  for  iirjirov- 
Inc  recovornblllty .  In  uny  a  iit.Tjbcr  of  irprovwenta  can  be  applied 

in  var/ln;:  degi'eot  to  existing  utractures,  iepcndlng  on  the  protecti.'C  rr- 
qulrcacnta  and  the  a'^ilebic  funds. 

13m;  protec. 'vo  prlnciplca  for  existing  struet^^^es  »:■«.  for  the  aost 
part,  a  rei'iectlDr.  of  those  already  presented  for  new  construct  ion ,  For 
tnia  reason,  Biany  cf  the  graphx,  tables  and  related  InforsMtlon  In  Section 
V  arc  relevant  here. 

v-Ji.  IKFaOV.-dCOT  OF  SSELTOl  EFTdCTIvarSSS.  It  vas  shown  In  sec- 
ticij  ;-01  tliat  shelter  effeetlvenesi  Is  largely  a  function  of  b'  lLlinii 
slee,  shape,  anl  ar.ssi v^v.-ss .  Any  chanf^os  in  the  f}r*t  tvo  factors  invol¬ 
ves  Increases  In  plan  area  or  nutiber  of  stories .  In  aany  instances  these 
alternatives  will  te  r^jt  r'nl;/  isposcicle  i4i/sitully  but  proliibltlve  cost- 
wire,  Fv.-  cist. fir,  bulldlr.gc,  then,  vo:,sht  cf  ....iC.-iritcr.  heews  the 
control! in,;  faetor.  It  will  he  rooeeibttred  froa  section  i-CijC  that  this 
structural  feature  exerted  tlys  (ycatest  protective  lnfluf.ee.  Tims,  the 
procicit  of  lo^.'v.ted  *,'ff«vti*w*ivi*^  is  priaaTi,^'  cr,s  of  increased 

snield'.nr. 


a.  Ihieker  gcapcr.er.t.. .  liie  laportance  cf  hecv.jr  construction 
to  shield Inr  (or  chelu;*  ,'"cffectlvo;ies?  Is  clearly  llh'Stratixl  in  figures 
j-a  and  5-3.  Tim  uilvuntac*  sf  inercarod  lUits  tr’crr»:«  In  any  single 
hulldifiG  c  epenent  la  eppr.'Oiix‘'v  xi  b^  D.c  our /e  of  flfur?  5-?*  Tor  ex- 
lo .  loulliit;  the  niai.r.  thlckiiosit  i<i  a  eonerot#  vail  free  >0  to  100  peuniR 
per  3'1'anri  foot  (It  tc  9  inches)  ralRe«.  Jt'o  sntn.i...,;  by  a  faster  of 

aloobt  Si. 

:;inr«  Mui  clu-cnto  c xcpriblnfi  a  buiidinr  carjiot  be  replaced  cheuply 
their  chi'.  11 ' 'u  >c  inprove"  oiiiy  oy  thicceniii^  um.«  tith  layers  of 
.niter ;  ij>. .  For  vniuc  this  is  nn  grr't  problea.  Ihey  can  ue  fuc*;  I  with 
stii'ico,  pc'irci  ccr.crctc,  ceurr.eo  ■'.•f  trlcX  or  tlxe.  fesllow  blocks  cari  i-; 
punj'-d  f-ili  of  grout  to  T'jrti  ru.re  c'^lld  vallF  .  fcsprreiy  nM^nr-tres  '.-.O'!. 
as  rnnl-beggit:.;  or  ncaidiu,  with  eoa*th  arc  very  effective,  if  ..V  ‘’r't,!i.«i 
vails  are  s  :rflcl»>r*  1;/  hrictl. 

TJ-.e  Eucs  thl.'hncsr.  cf  XT.,'  ri  a>l  ro<-fa  la  0  i.-e  care-,  caii  bo  IteresccJ 
ny  aouiiio  cviici '  i-c .  of  ,.erce,  these  lajtbero  will  Ijs'/c  to  l>a  shored  up 
first  to  supiM.irt  tJ»;  extra  vcl(dit.  ri.us  the  c-ut  o.''  incrcafllng  the  cuss 
thichneco  is  Untie  extoed  wiat  of  originally  oonstrvctlnr.  an  nqilvalunt 


:  g,  .  •■•'1 
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shlcli.  Layering  vlth  .•arth  or  r/on  lloodin;;  wit.;,  a  •.vral  iiiwicn  of  watar 
will  furnish  shlcldinc  in  an  enerccncy.  ooviously  th-j  laiter  sictl.c*!  would 
i.i^aire  soiao  advanced  't.u'fa:e  pr>.-;>Ui'uS Ion  to  preve;it  ieni;u.;.’c  to 

ocriin>>vi  '■;'2>rcs.  iioodlnc  is  of  .m  val'^  on  iijoi’a,  however,  oince  the 
falioai,  bei.TC  heavier  thisn  w-it-^r,  wljJ  settle  onto  ti.o  ruoj'  surface.  TSie 
water  will  be  above  the  radiaticn  sc'urce,  offering  no  added  sliieldin;^  to 
spaces  below  the  roof. 


As  in  the  cmc  of  planned  ronstructlcn,  a  reasonably  decaHed  analv'cls 
shcull  iKJ  node  of  the  existinr  shicldlra;  in  a  civen  bulldin.T,  alone  tl;e 
llir.s  sui^gested  in  Aoper.dlx  K  of  Rcferer re  1,  bc.fcrc  nltcrotlsr..-;  me  cor- 
*'l«i  out.  This  will  iniurc  a  sure  effectitic  final  result  for  a  Blniauia 
cost. 

b.  Ccigplete  tliosurer .  One  of  the  first  rc5'.;lfc3a;its  of  an  offec- 
ttv^  chlelZ  Is  that  it  nave  nc  voids  which  will  leal:  excessive  unounts  of 
itoldei't  (yioca  raaiatioa.  Thus  tne  Inherent  shielding  vaiuc  of  c'iiIdi|].gEr- 
fCjy  be  increased  by  blanhing  off  or  baffling  windows,  akylifhtK,  dcors,  l  •. 
vsnts,  etc.  (see  .tectlcn  Most  windows  slsiply  can.  be  fillod  in 

like  tbe  eurrou'vlir.g  vtJl.  Zss^  i.^vu^h  sna  be  walloa  over.  Inrvirtajit 
eatrywa/a  nay  be  fittea  with  l^iavy  do-srs  a^il  becked  up  wlr.n  uaf fles.  of 
dense  materlale  such  as  oriexs.  Wnt  intakes  probably  w'ill  retiulre  sens 
sxxllficatiwn^  invoivtnr  denae  baffles  ‘hst  allr-'  pc.'ra.'.’r  of  air  but  not 
radiation. 

•1  J’.i  I. 

If  It  Is  act  dcsireble  to  persaLientiy  seal  windows  fney  r,.->  be 
area  over  with  thin  panels  of  wood  or  jactol.  Shleldtnp,  can  tbaa  be. pro-  , 
vlii9i  by  stacking  bricks  or  dense  supplies  in  front  «f  these  '•oeatlo.is.  i 
Baffles  fc.*  dcorvays  oa}'  b«  fashioned  fro*  piles  of  stores  in  the  »taao  way. 

SIlJBinattnc  openlncs  in  this  way  also  lessens  tbo  chances  for  the  eon* 
tsKirtatlnn  of  bulLilnc  interiors  by  fallout  pcxt'.cles.  As  Matiofwd  before, 
cotq>lcW  closure  or  ^  stricture  will  introduce  the  r.ccd  for  air  conditioning 
and  sx>re  artificial  llghti.’ig.  Ihle  If  not  a  aeriour  drawback  where  shield> 
bce-c;C3  a  ci.ttsr  cf  survival. 

In  tb*  event  that  there  is  no  air  conditlonlag  ard  it  is  not  practi¬ 
cal  to  furnish  s  r.rrlcl  strirtarc  with  a  rally  e(iuipprJ  systes,  tesipcrary 
relic..'  cen  be  provided  wlln  a  portatlc  vent, Hat li-n  syrten.  By  coistiulng  < 
particulate  coliectoru  (a.'xl/or  filter.)  with  flcxlb’.  (or  artel)  ductljig 
and  blowers,  ilrlng  r'^ryliX.iQrM  can  oc  £ycatly  ir^provci  during  eworRCncy 
perlois.  Table  6-1^  giver,  the  apprv.AiBate  perfonsanuu  and  coet  of  several 
such  arranpeewsnts  using  the  highly  protective  Chtsuleal  Corps. filters  ehowr, 
in  Tible  6-1.  When  it  is  planned  to  eaploy  electric  blowers,  there  should 
be  axi  emergency  pwoasr  supply. 


f  eferanco  si  in  b  lb  1 1  ogr ephy . 
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Hble  $-1 

.  Filter 

Unit..  -  F.itsr 
^•.-lno-Drlv»»n 

Plus  Hdctrlc  ICitor  or  Gan- 
Plrucr 

Capacity 

length 

wciaf.t 

Resist. 

Cost 

(cftp) 

(ft) 

(lb) 

(In.  HgO) 

(♦) 

6oo 

5 

700 

1.00 

TSO 

1200 

7-1/2 

1100 

2.00 

850 

2500 

8 

i£oo 

2.00 

lUlO 

$000 

8 

2700 

2.00 

2250 

e.  Shelter  Somcn*.  Xu  eoBM  Irut&nsee  the  cc»t  of  aaiftng  eii 
tntlr*  etruceiir*  leore  nt^Aiva  tc  »ciii*ve  Kieq;uAt«  shelter  viU  be  •'jsvtu'> 
mted.  fbr  excs^le,  the  ecasponeats  of  vood  firssM  hulUlngs  offeu-  very 
little  sM-Mlns.  IMerste  slteratloae  vould  give  little  pla  la  wrotec- 
tloa.  TbM  acre  erteaslve  cbsagjt  needed  votild  be  very  coetly.  For  thcso 
sod  slallsr  eases,  or  where  funds  are  slxply  Halted,  It  Is  best  to  ccn> 
•iniet  a  sbslter  within  a  structure. 

A  rooa  or  eet  of  ivmjbs  can  be  deslRoated  aa  a  shelter,  ihe  walla, 
floors  sad  ceiling  surroundlug  thea  can  be  eetled  sod  butXt*ap  In  the 
osas  war  as  su^:^st«d  la  tha  preceeilng  resarks  shout  acag-.’.ete  olosuros 
•Bd  laeressed  weight  of  construction.  To  alclalM  ths  ss^ount  of  added 
ahlaldlng,  auBfcer  oi  extra  floor  supporta,  and  coat  cf  altc.'atloQs,  apaces 
■bould  b*  located  either  In  a  ba*«8atrt  or  on  the  fl<w  r  irectljr  below  the 
opparHBOSt  story.  Of  course,  other  areas  Bay  be  used,  but  the  cost  will 
be  scswwhat  greater  •  imleos  advantage  can  be  taken  of  carteln  natui-al 
abieldlBg  represented  by  stair  wells,  special  partitions,  extra  thick 
floors,  etc.  Good  use  can  be  sade  of  stacked  supilles  end  heavy  office 
furniture  such  as  cafes  to  furtuer  incresse  shieinlng  where  needed. 

Cooslderabls  work  has  been  done  by  tbs  Office  of  Civil  Defense  In  con- 
aactlon  with  the  construction  of  shelter  spaces  in  buildings.  The  render 
is,  therefore,  r»fer’*ed  to  this  n.ithoriteLJvu  sourou  for  detailed  designs 
and  perforoance  of  shelters. 

6-02.  KBUCTIOa  El  COUTOTICa  OF  FAtOOTT.  For  rensorj  alresd;' 
oovared,  tbs  cootccsdnatlou  of  buildings  froM  fallout  csn  be  decreased  by 
providing  s  ssooth  unccicpllcated  exterior.  This  asy  be  achieved  prcges* 
slvely  as  r.indr  all<^. 


ti,.  uxxl  HanhcXeerl:!^.  A  first  consiacu  iitJcn  for  tny  bulliiri(i  la- 
A>'tves  £ooa  i=alnt<!aance.  Tliat  is>  Keeping;  all  surfaces  in  a  sealed  and 
veatherable  condition  will  li^rova  their  iaiJ.uut  resistance.  CracKs  and 
.loint;  chrrli  be  caul^.cl,  tui.jvel,  and  iLu-L  aixl  lod'istrial 

films  reruved.  rainto  and  repellsjitp  C'*aparahle  to  thoca  shovn  la  tables 
5-XI  and  5-XII  ai-e  f.ug«eot<»d  fsi-  reducing  coiitaalnalllity. 

b.  au-xjth  Eicterlorg.  Kaity  of  the  arcbiteckural  friUa  found  on 
buildings  constitute  collection  points  for  fallout.  Vtte  renoval  of  ledges, 
grooves,  cornices,  parapets  a:d  unessential  ndoornir*nts  is  recossaended . 

During  the  wailing  up  of  vlndcvs  to  increase  ahielding,  alUa  and  any  re¬ 
lated  trla  con  be  disposed  of.  Cdber  unssclL'l  decorative  items  will  re¬ 
quire  apecial  attention. 

After  theca  friilj  are  stripped  off  It  mny  he  neceseary  to  fill  «i4 
fiavooUi  over  an/  irreg ilarltles  with  grout,  stucco  or  nastic  preparations. 

In  CUSH  cosao  surface.,  sa;'  ieser*.'s  renewing  wiin  .Tiding  or  roofing  ■atarial. 
Refer  to-  table  3-X  and  thi  extiut  ojoanples  given  fer  achieving  SBOother 
surfaces.  Residing  and  rerooflng  are  expensive  operations,  but  they  usu¬ 
ally  Increase  the  value  of  the  etruuture. 

e.  Sii^llfied  Oeo»n>;tr/.  Oauigl.n,?  the  aerodyaaMc  properties 
uf  an  exlitiiig  bulldi'tg  to  enhance  the  continued  fiJrtit  of  approaching 
fallout  particles  proeises  to  be  an  expensive  propostlon.  I*  1>:  pcesibla 
that,  where  additions  are  planrea  t:  Increase  floor  space,  V  3  building 
chape  aej-  be  mate  esore  strcaellncd.  for  Ir.stance,  filling  out  I-,  I-,  C-, 
ai.1  H-nhsped  plans  to  o*  sere  nearly  rectangular  should  decrease  eddying 
of  air  currants  and  hopefully'  the  deposition  of  fallout. 

Ttit  *»sia  conclusion  siav  ie  ssde  about,  th.":  bunding  trd'ir.-  viewed 
la  elevation.  Hist  is,  b'uilding  roof  liises  sbould  b«  less  explicated. 

3pllt  levels,  saw  tooth  roofs,  and  large  projectl'^ns  (such  as  ducting, 
blowers,  ard  vm^cr  towers)  disturb  tuw  air  flow  over  buildings  and  my 
proaote  the  collection  of  fallout  partlelas .  fT'chnbly  the  slimiest  way 
to  alter  this  sort  of  irregularity  is  to  install  m  false  roof.  If  It  Is 
given  a  pr-te'nor.t  slope  {1  in  o  or  aor*}  tne  transport  of  deposited  fall¬ 
out  froa  the  roof  by  the  eleaents  vlll  also  be  eneouregsd. 

d.  Jj.eclaJ  Devtcaa.  WasMovn  s/stem  (and  blo-sdown  systea)  esn 
be  adapted~to  uy.istlng  strwtur-s  where  the  roof  su-'se*  s/ite*  'a  appro¬ 
priate.  It  Will  not  alwvii  be  ncceasar/  to  install  as  elaborate  a  sy'stm 
as  is  described  In  section  .>-04.  I.,  fact  a  fairly  crude  b-ut  effective 

arrangeaent  esn  be  fusbloned  froa  fire  hoses  a.-)d'  tesqrorecy  piping.  Uben 
fu>»is  pe.Tiit,  a  i>eiwincnt  systeo  may  be  J\L3tlflod.  if  the  roof  systea  it 
suitsble,  tl'.e  cost  -ill  6c  syproxiiantnljr  ss  given  in  Ject’an  J-o4,a,(ii}. 

If  It  is  necfssnr.-  firnt  to  replace  the  roof  or  construct  s  false  c>ne,  the 

rn«f  —y  -t..-’  *1.  -  -f  I  .  vw....,  1.-,  — ..A 

the  pips  and  water  in  ti.e  dlscrlb'itlcn  systea  will  h.eve  to  be  'uslculated 
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anl  c\ocJ:e.i  c/Tiinot  tlw  load  licit  of  tlie  roof,  Aliltlonal  bracinc  vill 
be  ^-cq-oire-i  a-Uer  tha  canlfcld  supports,  iu  extreme  Instances. 

6-0 F;'r.TLrrA'.’Tori  of  Hrrov;-;.7Y.  i-inny  of  the  ideas  present :n 
section  arc  uppllctblo  to  exlstln,’  installatloni,.  Roofs  eosiV  can 

be  nrvie  nore  nccesrlblo  throuji  added  flra  escapes  a-nd  Xadrlers.  Serwlcas 
c<>n  bo  Innroved  by  raodcrnli!p>_;  U.^.  pliuabinc  tncludlnq  standpipes  and  bosc- 
ho'.ises.  Fire  oystacs  should  be  auosoi.ted  where  necessary  with  additional 
lines,  hyiranta  and  pucpln,-;  fuclllttes.  The  water  supply  can  be  crJ.jirse<i 
or  supptenentod  fron  Irrigation  liitclrfjj,  rivers,  ponds  and  owiiaaintj  pools. 

Icprovlnc  di'alna«^  characberlstlcs  and  the  ncccsslblll'ty  of  ground 
apeas  taa;,-  p."0-ve  to  be  liore  difficult.  TIr.e  latter  probably  will  require 
relocatln;;  service  poles,  fences,  hj-drants,  sheds  and  other  obstacles  to 
rolling  cqulpociit  asi*d  durin*;  recovery.  The  forapiu:  In  flfarrec  >-15, 
and  >-15  arc  useful  ;cjideo  for  ooteblichlnc  r.eces8<tu*i'  cleariuices. 

a.  Roof  urania.-,c.  H. ul.u^ge  fron  roofs  autceatlcslly  will  la 
Ir.nrovod  wEere  snoot^wr  caterlals  ha/e  been  introduced  and  the  configura- 
tlon  si.nplificd.  Fals.-  roofs  C'J".  be  sloped  to  provide  the  siaxlisui)  Orunage, 
00  sen  tha  critter  and  leader  systerac.  Parapeted  roefs  Irtny  up  a  Txroblen. 
■.ij'.ai’e  It  is  jiot  advisable  to  rciiovt  tho  parapet,  scuppers  mat  ba  provided 
h' -cause  central  drains  shcull  .-.ot  be  used  during  wet  recovery  of  flat  roofs. 
Tlu-r.e  orains  ca;'  bocciae  clogged  with  fallout  auterlal  anl  “-•eeta  an  Intar- 
lor  r^kl  I  at  Icn  hazard  to  rslsslon  perronnel. 

liccuj&c  ixaa  roois  witr.  parapets  -usuall)  are  trppuJ  with  Loose  gravel, 
scuppers  sho'ild  be  not  only  large  but  plentiful.  Many  pounds  of  gravel, 
falloi  t  a.nd  water  Bu».t  leave  the  roof  thro-agh  those  scuppers  In  a  ralatlvely 
chc.-t  tine.  Ln  order  for  parapets  not  to  overlj'  ispedo  roof  recovery  by 
flreho.slng,  sc-ippcro  should  be  at  least  12  Inches  long  by  6  Inches  bi^ 
a-od  be  spaced  no  fartLier  than  id  icct  apurt.  Crainag*  iwkl  recovery  of  tar 
aVil  gravel  roofs  can  be  greatly  lisprovel  by  the  wlvance  rnaoval  of  alt 
loose  (j-avcl  with  fire  strecra  or  triccis. 

b.  Gr oa/>'l  *>  aiMgc.  exienr.i'/e  use  of  paving  oaterlals  vill 
ccl'.o  rcoovc.-y  .i  iso*  acre  efficient  process  in  the  long  run.  Establishing 
uicqua**  :rndnr,  ac  Is  lol.ntod  out  In  seetJou  5"^3,c,  will  assist  greatly 
In  the  evcrrtual  disposal  of  radioactive  solids  washed  from  target  surfaces, 
btneo  the  cits  and  fills  In  a  built-up  region  cannot  alwt^s  be  aa-le  to 

r  -cn*./  ft  •vr’l-drr-d.cel  c-nplcx,  ccritir.  „tcp.-yip  aeos-.u-es  often  nvu:t  suffice. 
Atte.ctlon  .chcil'!  le  concc.itrnted  r-'  r  ods,  areas  nearest  bullUngs,  and 
the  waste  disposal  systen. 

''herever  pcrslble,  the  Gl':p.»*g  of  those  Liurfacc.T  snd  systens  ihou'''1 
be  nade  great  eno-ugh  to  enccurago  the  transport  of  fallout  soldda  in  run¬ 
off  water.  Pood  crowns  can  be  built  ,  zanps  can  be  substituted  for  steps, 
BJd  sldewalkr  can  be  giver,  a  greote-  tilt  t.-vurl  grater!'  Where  the  ^ede 


lj’« 


<^C  ntr"'-*.''  '"■or«»  'ii-ii  InTotr  should  be  inotodlei. 

u.'»l  o.'ui  be  aut;x:Tw_-d,  u/  sy.^tiitss  o’.’  tenporory  liee-jiui; 

civi  ■iIte)>oc  to  r -coive  ruiiofr.  T!^  •IcrxjciteJ  frll.-xit:  -wterJal  f'Bn'in?-  >»> 

to  r.e  earr'..  fty  vatc.*  flov  tv  distant  disjxj.sul  joints  in  ujiii.nol 
systcfts.  For  thii.  reason  the  mpterial  oxea’/atod  ITer.  these  trenches 
ditches  slkiuLl  be  leFt  bloiic  their  cdp:ec  for  seci:  filling;  a;'ter  eociple 
of  recovery.  TV.lr.  vlll  nrrvlde  shloldins  cjjilnst  ii»?  radioactive  waste. 
For  this  shieldirr  to  he  adequate,  such  systems  should  be  excavated  to  a 
depth  of  at  least  S  but  preferably  3  feet. 


Sa:TIO^  VII.  PSrJftjRVWKCE  OF  R/DIOU^aiCAL  RiEOV:-!?!  HErHOD-'J 


AlthO!i(^  the  hesie  ol\'..:eMve  hand'Hcjk  concerns  the  pr'JHttnrit 

prcpai'Stlon  :)f  tarots  fr>^  lnort.*ased  protection  from  fallout,  an  s'-c  Aitit 
abculd  be  given  of  the  active  couiitcraear.ures  enployvcd  during  the  re cc  very 
phase  of  the  rodlologlral  defense  cchene.  Wltbaut  koso  Knovledgc  cf  the 
expected  perforramee  of  available  decontaalnatlon  laethods,  a  large  segiaent 
of  the  foregnlng  chapters  lose  soes-j  slenlficance. 

A  great  deal  cf  effort  has  beei.  male  to  da'.’clcp  soitnble  decent  aiilnst- 
lon  procedures  and  to  deterralno  their  effeetiveness .  !Iot  until  recentl/j 
however,  would  a  aeanlngi'ul  treataent  of  data  obtained  perslt  the  corr.<la- 
tlon  of  reiaoval  effectiveness  (F  values)  with  such  t>ar%BKtora  as:  antici¬ 
pated  fallout  particle  etscs  and  mass  levels,  recovery  effort,  equlpraent 
capability,  procedural  application  aivd  surface  roufju'.ess.  iioae  of  the  lat¬ 
est  test  results,  Interpreted  Ir  this  usciul  fraouwork.,  are  given  in  the 
sections  that  follow.  It  should  be  understood  that  these  results  by  no 
aeans  are  final.  Considerable  exx.jrlacntaticu  reauitns  until  tnc  centribu- 
tloas  cf  all  the  '/nrlables  intrcduced  by  the  weapon,  the  environriient ,  and 
the  disturbance  due  to  recovery  can  bi  accounted  for,  neacured,  and  under¬ 
stood. 


7-01.  WST  KEiHODC.  Probably  tba  first  b«...h'r!  used  In  the  lorge- 
acale  removal  of  .adloactive  substances  vus  flreboolng.  3cl..g  uidvorsaixy 
available,  flrehoslri^v  r<o  duubt  will  b«  use-  more  than  any  other  method, 
diiaple  to  ciU'.y  uut,  flrc  hosl.ikg  jc^^iircs  ro  cpccld  Its  wuccess 

depends  upon  adequate  water  pressure,  thorc.i^  surface  co'/crage  by 
flrestreaa,  proper  dralninge  and  a  certain  aatunt  of  eoiaacn  secae  on  the 
part  of  the  nozzle  operator  and  buscsen. 


bcperlence  has  shown  that  b«>t  ta»ulls  are  obtained  with  a  l-l/2'lnch 
rubber-lined  firehose  fitted  with  a  stralpjit  taper  fire  nozzle  having  a 
5/8-lnch  orifice,  iksaller  oczzls  anl  hose  ccriblnations  do  not  furnish 
auffleletTt  water  volutae  to  aeve  iarce  Basses  cf  laterial.  Larger  cooDlno- 
tlcas  (2-1/2-  or  3-lncfc  slzst)  are  too  unwlold,/  uul  are  da-r-Too..  iu 
unexperl':r.s,.-d  bands. 

tee  1-1/2-lnch  hose  with  fire  nozzle  orrers  tne  troTier  bedante  01 
oanauverabl] Ity  *,»i  rcEwvnl  af feet ’vv-r ess  required  of  recovery  tools. 

Tahir  7-1'^  stevs  fn«  •ZL’Crtcd  per  c.;  ■aanes  of  a  t<ifv*-rwn  hose  teas:  wr.c.n 
cloanlT;g  tar -ard -gravel  and  conp<>cltion-Bhlro;lo  i^C'fs.  Tl:c  fli-ot  v’o’  jrsr 
gives  the  rajllatlon  Intensity,  at  or/:  hour  after  a  nuclear  detor.etlcn, 
corresponding  to  the  amount  of  deposited  fallout  r-nV'rlul  sl'.owii  ’.n  the 
second  column.  The  aanpower  requlrereats  an-I  cpcod  of  operation  ore 

n  ReferenctTT  In  blbllo^tphy . 
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Tabl^  7“"**  Roofs 


Iiittjiwlty 

(r/hr) 


Aai>6 


utiii* 

iirfurt 

aAO-Bln 


it>3  rt^ 


OAbtf  ptu- 


Noizle 

(ft^/mln) 


Mti^er  inaction 

Conoujiption  Renalnlrg,  F 
(Sal/ft2) 


Vhr  and  Qravel  -  Praetleally  no  slope 


300 

10 

20 

150 

.3 

.6 

30 

100 

.45 

.3 

40 

75 

.6 

.2 

ras 

A* 

.9 

.1 

1000 

30 

ao 

150 

•3 

.2 

30 

100 

M 

.X 

40 

75 

.6 

.08 

60 

50 

.9 

.05 

3000 

100 

2C 

1;0 

.3 

.Oh 

30 

100 

.Ji5 

.03 

40 

75 

.6 

,02 

60 

50 

.9 

.01 

— Cocpoaltloo  Snlnglan  .  Slop*  of  1/2.5 


300 

10 

5 

6oo 

.Ob 

.09 

10 

300 

.12 

.06 

90 

15f' 

.3 

.04' 

1000 

3^ 

5 

600 

•oo 

.09 

10 

30'> 

.12 

.06 

20 

150 

•3 

.04 

3000 

100 

5 

600 

.06 

.09 

10 

300 

.12 

.05 

20 

150 

.3 

.03 

•  Nozzla  praosurca 

60  to  70  Bsl. 

••nozzle  •oroasures 

60  ■paf  vfcen  hocloK 

at  loof  level 

ac-l  40  to  45 

pel  vfcen 

labtln,^ 

fire  etrearz;  froe  ©"oond  level. 

ir 


Ettr^ 


ihMSaauoiui^vN'SikjitUMijlu 


last  coluT-n,  aa  tiie  dicir-JL  iVa^t i'jii  *■  •. i'  iCi'.l&iiia  i:.C' 

inltlaj.  ralluut  ;:^as  iov'jl  .•caalni rit;  alXo*  rc.Cj.Oiv. 


Tar-a.-.d-rT’ivci  is  a-?en  ta  r*oq  >i-’'‘-'  cl-'.iiiir._;  ti.i  j.'i,  i  i'; 

Its  tradltloniid/  flat  pi  ,ch  and  t!  e  (.‘sl 1  itn.d  c.  loc3  -  -jiivol  Vi  i 
suet  eis.'i  'JO  r*'!  .'fi-  easli  cquars  Toot  cf  rcoj'  surface .  Tiic  rosalts 

given  for  ecKposlt .on  shli'.'ies  can  ui.  acldcvcd  by  either  loobinj;  lire- 
ctroacs  fron  fpr'-'-wi  l-.-vei  cr  hosing  directly  en  rosf  top,  tnt  the  r'  ji 
lauat  lie  appr  j-tisa'-ely  as  shewr .  Greater  ci'I'o cti venecs  tijk,-.  that  r.hnvr.  fjr 
respoaltloii  t;u;v;los  loay  ue  t*i*.'ctcd  cj  i.i..i«ti.er  Lauriai:;  -  '.ti.er  C'.rjtl - 
tlons  being  tie  cane.  Conversely,  rcegho-  smterials  vlll  recrlt  In  le-s 
effcctlvor.ess  trvl,  as  .a  the  ease  of  tar  and  tpr^vel,  vll.l  desiani  more  effn*- 


When  an  extensive  javei  area  such  as  a  street  is  firehunci.  a  twe- 
notilr  cet-Ui  is  used,  iiefc  noitle  is  fed  by  ri;c  Ttnrth  or 

tTtC'a  hose  owniicsted  to  a  v/i  ,yitc.  This  is  cun'l!';!  in  turn  by  a  series 
of  2-l/'2-lnch  hones  fisa  a  booster  puap  and  hylran;.  A  Jec?  or  plcKVip  1; 
etjployed  to  tow  tae  Ijeu'v  ?-l/2“llrA5B,  freeing  the  notsle  neu  to  direct 
the  fireatresr.5 .  Tnble  7-II*  lists  the  perfornancs  character' r.t lea  of  s's!;;i 


Table 

7-II.  Ptreh 

oslnr  of 

PavesKStu 

Sbandard 

'Inlt 

Rate  per 

Watoi 

tlT.  rt!  or 

intensity 

Loollrg 

Zifurt 

CotS'-iStt '  .;i 

i  Reruiniso,  f 

<r/fcr) 

lOuT.  sdr.J 

\  Cli-u 

)  {.tad/ ft'; 

CvCf  «<>i 

\10^  ft^/ 

Asphalt) 

300 

10 

15 

2000 

.05 

.06 

25 

IDOC 

.06 

-O^i 

50 

6W 

.17 

.02 

100 

300 

.33 

.025 

1000 

?o 

15 

2000 

.03 

aC6 

25 

12-00 

.02 

.01 

50 

6o>y 

.17 

.02 

100 

>00 

.3? 

.01 5 

100 

1? 

2000 

•05 

.jy  ; 

-y 

1200 

•Od 

.035 

50 

6co 

.17 

.02 

ii*l 

300 

.33 

•OT 

rrnR«7Iirenc<r'7~Irrb'ib  1 1  ogr  aphy . 


IJd 


Jis'isuci  t  u  -i-'f  y  tfda^^nLicii Sia  fcyii,  >.»  O  ui Jaww  ..i  • 


Wilij.U  jli.uw^iyn  tw  pp|i.  |||^"Pf,f■y^^l|l!^^l,WW9^  IB{||yi  iii.|H,M.!IJ>ffH^» 

,  ,;^;4  I  >  ’ 


i 

an  arranc'icen-;.  n^or-r.'trce  of  70  to  30  psi  at  the  notzles  are  i.atlslaotory .  j 

Five  Dell  lire  “v^eded  In  aJLL,  tvO  or.  c&eii  nc/ile  a^i  one  orlver .  .7J.'.i3  a  &oi-  I 

ble  piBBP  tender.  j 

By  way  of  coirparison  Tnhle  desonstratea  tuu  fsUout  resovai  oup- 

eblllty  of  '•■invent icnal  ^treet  fluchern.  It  le  laaedlately  apparent  t-at 
fliwhtng  la  Huefc  faster  than  hosing  anl  rcqalres  considerably  ieos  nianpji."er. 

Flush^rM  also  offer  the  advantage  of  partial  ahlcldir.g  to  the  operators,, 
find  rjdice  the  reco'.'ery  dose  to  about  f.re  h»lf  of  that  accrued  by  ffi  ch-.s- 
Ing  teans  wording  la  the  sane  area- 

Unfort jn.ntcly  street  flashers  are  not  i.oarly  se  plentiful  firihos- 
ing  equlpocnt.  Gubstltute  fluahera  can  ’>«  Improvised  frno  tank  trucks 
fitted  with  500  gaa  defense  puanc  and  sinxil"  r.ossle  .•aanlfolds,  Idalted 
tests  have  chovn  that  an  Isrprovlsed  flushcr  can  be  competitive  In  perforD- 
ansa  with  the  laorc  conventional  typeo. 

7*02.  2PT  lETHC'DG.  In  orde  -  t  o  -aakr  use  of  available  esiulpocnt; 
a  nuaber  of  experlBCuts  have  been  conducted  with  conventional  street  sveep- 
ars.  liTpical  perforraance  choxat ter i sties  of  two  different  type  of  attohlnes 
are  given  in  table  '(-Tf. 

Table  7- 17.  Sweeping  Paveaents 


Method 

Ctardord 

(r/hr) 

Ma^s 

let 

Pass 

Snd  Pass 

3rd  Pans 

a* 

F 

E* 

r 

S« 

F 

Vayne 

300 

10 

11 

.09 

17 

.07 

23 

.07 

450 

1000 

30 

9 

.07 

i6 

.05 

20 

.03 

3000 

IOC 

14 

.03 

.02 

» 

Temtant 

300 

10 

20 

.07 

30 

.02 

4y 

.013 

100 

lOOO 

30 

SO 

.03 

.01? 

w 

.011 

3000 

100 

SO 

.025 

JO 

.012 

ko 

.010 

Air 

300 

10 

k; 

.03 

24 

.015 

32 

.008 

3rooo 

1000 

30 

i6 

.03 

24 

.01 

.007 

300c 

100 

.03 

S4 

.009 

32 

.oot^ 

- - - ^ 

•f.ffort  expended  in  mr.-nln/lO  ft  , 
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'5;:s  ..'sir.!-  ’.JC  Ir.  r.  sveepcr  uairiK  ^  aain  brocc  tc 

pJcJ.  up  she  icstcrlal  iJ*!  deyoilt  It  on  n  convei-LT  system,  vblc^i  transports 
the  Bitorial  to  c  bopx'Jn.  TloJ  sweepifig  speed  of  tbe  Vuyna  rao;^eo  from  2 
atles  per  bou  t*>  8  ol3«a  pa-  hour.  An  everag*  sveeplng  speed  cf  5  miles 
i»jr  bcnir  wn«  in  cbtaJnlnc  th»;  restiitc  jraoantod. 

I5W  TennaJit  LX)  is  a  recently  developed  vacouaiioi  sveex**’*-  The  broOR 
eyatera  is  eneiosed  In  a  vacuua-eqalpped  housing.  T)>3  optarlal  picked  up 
by  the  trocr  and  t)ie  du.:t  trapped  by  the  filters  is  coUe.-ld'l  ia  a  hopper. 
Sweep  lr.g  speeds  range  from  to  15  miles  per  ho^ur.  An  a/orose  speed  of 
i  miles  per  heur  was  used  to  provide  thesa  perforaunce  values. 

Sweepli'g  Bvschar.lsTPS  of  this  gen-.-ral  t-fpn  pemit  e.  tloae  control  of 
the  recc'/ed  corrtaEilna.nt  since  it  Is  confined  in  tbe  hrnper.  DJuposal  Is 
qalsk  atvl  aatccatl.:  ar.i  can  prrfonaed  at  the  erea  selected  for  coliae- 
tlcn  of  spoil.  Hkj  cuild-up  of  contaminant  In  the  hopp»r  d>Jos  represent 
a  gradtially  loereaslng  sotrree  of  redietlor,  to  tho  driver.  Dosa^je  to 
opxjratcrs  should  be  c'V'.rtaitl;'  to  arc'd  unnecesuary  over-oj^sure. 

'fte  di  Iver'a  position  could  be  gl'/en  (plater  shielding  wlt)>out  too  much 
trouble  or  expanse. 

A  eanlldete  method  iias  been  tested  which  shows  sciae  prcalss.  This 
Is  the  so-callc'i  "air  Vrocr",  vhlch  sveepe  by  Mans  of  air  Jeta.  tbs 
latest  air  brocti  tests  were  conductcti  with  «  bet  u;  nine  ao**lc*  spaced  8 
ln;hc3  apart  o:.  an  air  aanlfrll.  tf.'.s  esecjst'ly  was  aou'ited  on  a  ecT^Tes- 
sev  truck  and  po6ltloi.jd  near  the  pa»ed  surface  where  It  c"*  Jd  blow  con- 
r-rt-v.t  tv  v*)-:  i.'lc  tuU  pttiit  f..o  ohou..icrc  ;i  t  .•  road.  presture  was 
approi.jaately  LW  pcunls  per  inch  and  air-  velocities  ware  Is  tht 

rjpc-.'sonic  -’angj.  Scaolts  cf  t)u:se  tests  sre  IncLvded  in  tahee  7“IV.^ 

‘i:e  air  broom  does  not  collect  the  material  it  sw9<tcs  but  blova  it 
off  1,1  a  great  clo-jd  of  lust  whtcfc  settles  down-wind,  for  this  reason  t.V 
alr-l  ro>R  is  tost  suited  tor  decontonlnat  f ”n  of  roods.  Airbrccr*  operation, 
the-^  "cuft  ir  p’rtnnrd  ccctrilng  to  rrv.'alllr  y  winds  to  avcll  rccontsDinatloi. 
cf  Im^rtex*  facilities. 

gooe  llnltod  Investltjatlon.r  have  been  made  Into  the  feasibility  of 
Ya'*Tjm  (*?  ‘rnlng.  Bretent  Industrial  cleansrs  ars  effective  devices,  but 
the  ccntaolnant  rates  ire  ptnh^r.ltlvely  slow. 

7"03*  LAiro  R3Ci.Af-'jS,‘no:i.  r;?\df>  «nd  vtlier  exts.islve  lard  areas 
may  be  reclaimed  by  e'-rfoce  re.  asm  1  nr.i  burial  techni-iurn  with  standarvi 
earth-working  equlpeaeot .  Vyy'crJL  effort  and  effectlvenees  values  obtained 
on  rclfttivel;'  Jiat  s'urfaccu  ere  give;,  in  taoic  T'V.*"  F'dlout  maos  )n«,*ing 
has  little  affe:t  on  these  tv;  •'srioblos,  tlnco  the  eontori."-vnt  makes  up 
t  ut  a  ucoill  pc.'ccntagc  of  tovnl  quvitlty  ..f  curi.li  b<jif.g  ha.TdieA.  Xnis 
Is  t)*.!-?  f"r  .liter  rcatival  or  burial  p.-occBses. 
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Tarle  7-V.  ileej.anatir.n  'if  Ijn^/oyi.;  tiund  .-u'oar: 


Fraction  Renninin.?,  F 

(■Jan  aln/1000 


Mctorlted  Scraping  (one  isar.) 


lot  Cycle 

5-B 

C.0015  -O.o3o 

2M  C;'cle 

1 

0.0002  ..0.007 

Hotorlzcd  Grading  plis  Motorized 

Scraping  (two  .•'■en; 

lot  Cjcle 

3C-17 

0.015  -0.124 

2nd  Cycle 

5-17 

C.oOaca -0.0041 

PJbowlog  (li-rhore  gpr'C-plov  -  one 

Ban) 

eont  in'iouo 

0.2 

c.-jo  llrooticn  cnly 

l*.8 

0.2 

Earth  F'lling  (3  scrapers  -  j  am) 

6"  of  riu 

10-20 

C.l; 

12"  o"  fiU 

20 -lO 

0.02 

IB”  of  flU 

In^ 

0.'.X?2 

Motorii*'!  acraplng  la  th«  r»Tt  cfJwctlve  end  ei'flc.'cnt.  siu-i’aje  rtaroval 
nethod,  tecaoso  It  rati  clianlj'  vltb  o  sinlesja  of  ■tniU  luw  carrlea  avay 
tha  spoil  for  diiposai.  Crallng  requires  ners  effort  w»I  oaa  only  vl.iliu- 
tha  apoll,  vtlch  then  cuat  be  ha-rled  ojc  of  the  arsn  vltl.  cc-af-ero  or 
loaded  Into  d-jap  tracks  for  dlsoc-cal. 

filling  inth  lajere  vf  earth  :b  prehaMy  ;^5  reet  coztl.  burlzl 
frra  the  rtarvipolnn  of  nai  power  and  eq-r;pr/»nt  ’■e'*.!'--* .  Hovrrvcr,  t''<* 

surface  contsir.-  rosJts,  stuape  anti  t(»e  like,  earth  r.ilir-.g  1«  about  ttae 
or»ly  wthod  r-ltable.^  For  this  rcBBon  S'lr faces  shonli  be  condition'.'*  to, 
enhance  cittlng  and  ioadlnc  bj-  evotorlred  ocrapcre.  Bccaoce  It  does  not 
Insure  corplet-  b'lrlal,  pl-rwlng  !s  not  otr.eroll>'  u-  effectl-.-a  a^  the  pre- 
vlcuflly  airr.tlonci  uotb.-i*.  It  i'  fv.c.  a:.i  .s  .,o-.s.s  l.I  .'».r  le«o 
tlwe  arose  suer,  ss  along  one  slocu  ul  sccrss'vays . 


r!  A  systea  or  "<r*A5S  that  pcmlta  cor.trOi.ifc'1  fi.odir^r  i.,  aji  alter  v'lte 
possibility  where  water  la  plentlTiJ. 
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Large  equIiuSiit  oannot  ali'a^s  be  used  In  sooUar  apaces  nexu  tc  bulld- 
Here  recovery  nust  rely  on  drag-t-Tje  ooi-apere  and  hanl-shovellns. 

2-jb  foliovin^  proccduroe  rsstilt  in  F  vnlues  of  about  0.1  to  0.15.  However 
the  indlv^d’ial  eiforts,  il,  differ  ccnslderjibly. 

(1)  ocroplnv;  witd  faru  type  wheel  tracto.  (operetni  plus  laborer  rlth 
sbovci) 

k  2 

K  >  2^1  to  44  m.w  mln/10  ft  ,  depending  upon  (^crator  aXlU. 

(2)  Scrapirf;  v‘th  ^eep  towing  aanaall/  opeiated  tuskot  (driver  plus  tv; 
laborers } 

S  •  100  Sin  aln/lO^  ft^ 

(3)  lUiovpTInn  and  hrnllof;  vlth  wiK.ei  barrows  (4  laborera) 

ftor  Ufdit  soli  with  aoae  cod,  E  ■  135  aan  laln/lO^ 
tor  rooi^  soil  plus  sltruba,  E  »  £30  Tsan  cln/iCr3  it* 

Lcadiog  and  l.auU.tg  spoil  to  a  disposal  area  Is  nc.  Incluted  in  x,tm^  wffurt 
values.  Tt.La  part  of  the  operation  o'  •  ’TJ  sail  for  Itaiars  and 

dicap  traoiis. 


CCW  ifdAnCT  CPI2lAIIC!f5.  All  of  the  foregoing  recovery 
procedures  have  been  tried  only  In  tefflperate  cllesaiec.  Vhor«  winter  wea¬ 
ther  Is  e.eco’.jr.tered  new  jv-obl-Bs  are  l;;tri'ljce4.  Hij^ier  ml; -Sion  Irtcn- 
sltles  could  result  frea  the  purslsi*  of  fine  radioactive  partlclas  iVob 
the  upper  air  by  precipitation.  It»»  presence  of  snow  ur  ice  nurther  coss- 
pllcates  the  situation,  since  the  falU'ut  sl^t  bi  u.nd«r,  within,  or  '>n 
top  of  this  depoeit .  If  unta.-  or  aixed  within,  large  qLua.ntltlss  of  these 
Bsterlals  mst  be  awnred  with  the  fallout.  In  addition,  snow  and  Ice  cause 
less  of  aobllit/  to  *•‘0  and  to  evjulpee-.t  other  than  that  designed  for  st»w 
rcBoval. 

If  it  is  assuaed  that  a  r»;Over/  effort  b-.  Jw/ited  (with  spa  tial 
equlpcent )  in  tenporatures  of  0‘'k  to  lO^T,  delays  of  over  one  vech  ora  act 
IJkel;/.  Ih-aperaturo  «tudiertov>;r  a  40-yesr  period  show  that  only  the 
ncrtborn-roct  uld-weot'im  stetes  h'tve  six  or  more  unoperable  days  during 
tl.e  Vi  iter.  If,  dur  to  le-h  of  sa-ns-rat'val  equlpasnt,  teaperatures  of 
20*^/  are  tudfeu  orltto..'',  a-pr.'/ Jnr.teiy  cr.e  third  or  United  Utatas 
r'-uW  suffer  a  week  or  more  delay  in  Ir.ltlatlng  reco-sry,  Oils  situation 
would  apply  still  saorc  to  tlis  aUdXe  and  itoithem  portion  of  the  country. 
At  rny  rata.  It  Is  csrta’n  that  winter  weather  cundltlsns  will  husimr 
recovery  operallcrj. 


i.  rtef—e''ce  JO  In  hltllogrophi' • 
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TabJ.'j  7“Vx  pre-icntr.  Uie  pa-oit-.-tu-l  far  oa.'j:^lat 

cnld -w.»iil.-vnr  fI»M-ontaxair.at  loa  rt:^hcot; .  It  ii— ul  l  ta  that  tlv^lr  ajp 

Mtlon  Ij  istarrJLr.e-d  tj-  thi  l^pth  cf  j.../w  If  ..a^ar.,  »*ra- 

tiira  and  soil  cotvUtiono. 


Table  Y-'/T.  Predicted  Pcrf  o nuance  ef  Cold.  Weather  nocovery  Mearoi'cc. 


Method 

ah*?!!  Applicable 

Averaco  Sate 

Fraction 

Ramlnlng 

^.Ip  loedlnc 

Ovei  3  in.  cf  anov 

12  ton/'h:- 

0,1 

Motorized  oveejcri': 

'.Indor  i  In.  cf  .,i.ow 

10**  ft^/hr,  per  1  In 
of  enow  depth 

-  .1 

55now  plowing 

C ver  3  I:-.  lalxed  with 
coot  .am.,  .0.-  ur.ier  3 
in.  vlth  o<'utaoi.  on 
top 

'■'i  ten 'hi  ,  Blcde  tvp 
t..n/hr,  no*a-y 

type 

e,  0.15 

Flreboslnc 

Above  Iv)*^ 

7500  rt*‘/hr,  ground 
level  . 

20<»  ftVfcr,  '.”.■111- 
Ings 

C'.Oi 

0.05 

Wiawliic  + 

Flrehosing 

Above  lO'^ 

2000  ft^/hr,  build¬ 
ings 

0.05 

JSmvliig  * 

Seraplnr 

Cohesive  sell 

9000  ftVhr 

0,01 

li  order  to  locate  needed  sei  vlc*  a  and  to  ►'Uide  tlio  'r-yonar.t-  r,f  rec* 
laoatlon  r^ulpB'jnt  throuf^i  ncav/  onerw  cover,  ».'o'-ed  p<'lcs  shO'jld  >vird 
•  Irect  oor-icrs,  ^....elnc,  l^drantc  ir.i  bibl'..'.  cbcteclc' .  dr'cic.t  and 
ahould  be  rer^ved  fren  open  0rau:d  areas  to  porevent  dazraj^e  to  rotnr;’  cinw 
pl~w  Slodos.  To  r-irtbcr  Irple'aer.t  the  use  of  J'.ov  plovs,  theni*  irro'ind 
#r-?*o  ahouJd  te  cocyoeted  a;^  umocveble  ‘'njecta  fhouli  be  dearly  r,arked 
l>  poles  prior  to  the  arriva:  d  ouw. 

1.  Rof«  cncc  3V  iir’blblictjz  ac*i>  . 


publlahed.  Th*  one  currently  receiving  tke  moat  reeogBl*^1s.-:  in  thla  country 
la  that  of  t  .  'J.  jpencer.  The  XC  Suiiie  for  Arch:  trota  an.  c^lneara 
(reference  41}  and  the  OCD  Cngineera  Manual  (reference  42}  ar*  both 
baaed  on  S,'eneer'a  work. 
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